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I am very pleased indeed to send this message on the occasion of the
publication of the first issue of Vingnanam, a most praiseworthy effort on the
part of the Faculty of Science.

The Faculty of Science in the University of Jaffna, since its inception,
has made a notable contribution - through its teaching and research work - to
science education in this country. The decision to publish a research journal by
this Faculty is yet another landmark in its development.

Vingnanam provides a forum for staff and research students to publisk
their research findings and thereby fulfils a long - felt need.

I am also happy to note that some of the papers published in this issue
reflect the involvement of the Faculty in areas of research with a regional focus—
which I consider to be a most desirable aspect.

1 am confident that Vingnanam, embodying the best traditions of scientific
inquiry, will be a welcome addition to scientific literature.

The Editorial Board has done an excellent job in bringing out the first
issue in the midst of highly disturbed conditions in the region.

I extend my wholehearted support to Vingngmam and wish it success in
the years ahead as well,

Professor S. Vithiananthan
Vice - Chancellor

Appropriate Tecbnology Services
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FOREWORD

It is universally accepted that scientific research and the application of
scientific knowledge to the solution of local problems are essential for the
development of a country. The Universities are expected to play a key role
in these activities and in the dissemination of new knowledge acquired through
rescarch. Yet, in Sri Lanka, due to various constraints such as the brain drain
_arising from poor salaries and service conditions of University Teachers,
inadequate research facilities and the absence of an atmosphere conducive to
research, the Science Faculties in the Universities have not been able to make an
effective contribution to national development through research.

The shortage of qualified staff arising from the brain drain results in
an increase in the work load of those teachers who opt to stay behind and
serve the country and prevents them from devoting much time to research,
It also hinders the formation of effective and viable research groups. Often,
the resecarch activity in a University is a lone efforc by committed individuals.
Even in such cases, the results of work done painstakingly over several years
sometimes remain unpublished and inaccessible to other workers due to the non-
availability of journals which would be willing to accept the publication of
results that may be considered to be of local interest only. It is in this
context that the Faculty of Science, University of Jaffna, conceived the idea
of publishing a science journal te enable teachers and postgraduate students in
the University to publish the findings of their research as quickly as possible.
1t is hoped that the publication of the journal will generate more research in
the Faculty and increase the scientific tempo in the. University. Although the
journal is intended primarily as a medium for communicating the results of
research done by teachers and students of this University, research articles of
local and general interest and review articles of topical interest from other
Universities and research institutions, both local and foreign, will also be
welcome,

The year 1986 was one of great turmoil in Jaffna. As a resuli, only
one issue of the journal has been brought out instead of the planned two,
Even that has been made possible only due to the dedication and hard work
of the Editorial Staff. I congratulate them on a job well done.

Professor K. Kunaratnam
Dean, Faculty of Science
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Research contribution from the Universities in many developing countries
has mot been comparable to that from the developed countries. This is attributed
mainly to heavy teaching load and inadequate facilities for rescarch, besides
other factors. These shortcomings have been recognized and attempts are now
being made to encourage Universities to promote academic research.

Furthermore, exhorbitant fees levied for postgraduate courses in the
Universities of the West and the limited Scholarship or Assistantship awards
available for postgraduate courses in these Universities have made it imperative
for Universities in Sri Lanka to initiate graduate courses wherever possible
Hence it is expected that research contributions from our Universities will
increase. These should be efficiently communicated locally, not only for promoting
practical application of research findings but also for identifying problems that
need investigation by the national Universities.

Vingnanam - Journal of Sciemce is conceived at this time as a journal that
would help disseminate worthwhile research contributions from Sri Lankan
Universities and other research organisations, both nationally and internationally.
A journal with a wide circulation within Sri Lanka would also help to improve
coordination of research. It is hoped that Vingnanam would achieve these
objectives.

In this first issue, eight out of the nine articles published deal with
subjects directly concerned with national problems.

K. Theivendirarajah and R. Kumuthini Chrystopher have presented two
papers on alcohol produced from palmyrah palm sap and fruit pulp —a
major economic product of this least investigated palm of the tropics. 8.
Kandiah and S. Mahendran have communicated the early results of their
investigation on propagation techniques for palmyrah palm, a subject of much
importance to the Palmyrah Development Board of Sri Lanka.
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The two papers by G, F. Rajendram with Daphne J. E, Daniel and I'rancesca
R. Devarajah describe the biology of a rice pest and its predator in Sri Lanka.
The information should be useful in designing control measures. Canker disease
of lime (Citrus) and fruit rot disease of brinjal (Sofanum), two topical problems
of farmers in Sri Lanka, are subjects of two papers by Sothisorubini Nalliah
et al. and R V.S. Sundaresan et al. respectively.

Chelliah Elankumaran has provided very important evidence for the
increasing salinity trend in the ground water that sustains the population of
the Jaffna peninsula. This paper should stimulate further ressarch on this crucial
water resource problem of the North.

“The Frame Factor-— An approach to Special Relativity” by M. R. R.
Hoole is an article that would be of interest to relativists among the physical
Scientists.

Miss C. D. Jecvaraj assisted me in designing the cover and other members
of the staff of the Botany Department ungrudgingly helped in the compilation
of this issue, I thank all of them on behalf of the Editorial Board.

EDITOR
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CHEMICAL, ANALYSIS OF PALMYRAH PALM
BORASSUS FLABELLIFER L. WINE (‘TODDY?)

K. THEIVENDIRARAJAH AND R. KUMUTHINI CHRYSTOPHER
(Department of Botany, University of Jaffna, Jatfna, Sri Lanka;

Yingnanam - Jourral of Science 1: 1—7 (1936)

ABSTRACE The palmyrab palm, Borassus flabellifer L. wine (‘toddy’y, is the
spontaneously fermented sap obtained fiom male and female palmyrah in-
florescences by a process known as ‘tapping’. In the unfermented state, this
sap contains 10-16%] w/v sugar, mainly in the form of sucrose. After complete
fermentation, this toddy has anaverage v/v alcohol content of 5.8% anda
pH of aboul 3.9, The acid produced during this natural fermentation
process was found to b: mainly acetic acid.  The acidity of a fully fer-
mented toddy is 0.5% (w/v). Ascorbic acid (vitamin C) centnt of palmyrah
toddy was found to be 39.58 mgfl. The analysis of toddy distiliates by gas
liquid chromatography revealed that the major produci of this lermentation
is ethancl with varying amounts of methanol, n-propanol, isobutanol. ethyl-
acetate and n-amyl alcohiol. The last three compounds, mainly the estet
ethyl acetate, were present in all the samples analysed thus suggesting that
the presence f{of these compounds could be the cause of the characteristic
aroma of palmyrah toddy distillates.

Introduction

The palmyrah palm, Borassus flabellifer L. wine (‘toddy’) is a mild alcoholie
beverage of Northern Sri Lanka and other palmyrah growing countries. It is the
spontaneously fermented sap of the inflorescences of both male and female
palmyrah.

In fact, the main product of the palmyrah paim is the sap extracted
from the inflorescences by a process known as ‘tapping’. The term ‘tapping’
collectively denotes the artificial extraction and the various processes of stimula-
ting the different sap vielding palms to exude juice from a selected part, for
example, the inflorescences of the palmyrah and coconut palms. The tapping of
the palmyrah palm for its sap is done mostly in India, Thailand and Sri Lanka
where there are heavy concentrations of palmyrah. The method of tapping the
palmyrah palm varies with the sex of the palm and the age of the inflorescence
(Thirukanesan and Theivendirarajah, 1978). The sap obtained from the inflores-
cences of the palmyrah palm is consumed either in an unfermented state (sweet

toddy/neera/pathancer) or in a fermented state (toddy/wine) or it may be consumed
in some processed form such as jaggery.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

b

Vingnanam - Journal of Science vol. 1, No. 1

From the analytical data presented by Mohanadas (1974) it is evident that
the palmyrah sweet toddy is rich in nulrients and therefore can be used as a
balanced nutrient medium for the growth of veasts and bacieria. Hence it
enables the spontaneous and guick fermentation of sap by the yeasts from the air.

Unfermented fresh palmyrah sap contfains 10-16.5%¢w/v) sugar, mainly in
the form of sucrose with varying amounis of glucose and fructose depending on
the degree of fermentation (Chrystopher, 1985). Duc to the action of wild yeasts
and bacteria, this sugary sap, which has a neutral pH, is fermented to produce
palmyrah toddy, which usually contains 5-6% (v/v) ethanol and has a pH of
about 3.9 after complete fermentation (Theivendirarajah and Chrystopher, 1983).
This indicates that certain acids are produced during the course of ferment-
ation process or after the completion of ethanol production. These acids raay
be produced as a result of microbial activity, Palmyrah toddy, when brought
down from the palm, is very swect and refreshing, But it becomes sour and
. unpleasant after 10-12 hours, This may be due to the formation of acids in
the toddy samples. However, Cowap and Geake (1932) suggest that even though
more acids are formed durlm1 the storage period of toddy ‘iampla,s the acidity
of toddy cannot safely be regarded as a criterion of its age.

Alcoholic beverages appeal to man for many reasons. Among these are
physiological effects, the appeal to the eye because of the clarity and colours,
the pleasent tastes and the aroma and bouquet which are perceived through the
sense of smell. In general, the aroma of alcoholic beverages is not due to single
‘impact’ flavour compound, but to a complex mixture of compounds (Webb and
Muller. 1972).

The sugar, alcohol and vitamin C contenis of fully fermented palmyrah
toddy were estimated, and the acids found in paimyrah ioddy were identified. The
aroma compounds of palmyrah toddy were also analysed,

Materials and Methods

The total sugar content of completely fermented palmyrah toddy was deter-
mined by the Somogyi’s semimicro method and its vitamin C content by the indo-
phenol dye reduction method (AOAE, 1960). The mean alcohol content of
these toddy samples was determined wusing an ebulliometer and the acidity by
titration.

The identification of the acids produced during this natural fermentation
process was done according to the method described by Randerath (1968). Silica gel
plates of 300 fm thickness were prepared, activated and then spotted with
palmyrah toddy samples. Authentic samples of lactic and acetic acids were
spotted as standards. The chromatogram was developed in a 1:2 {v{v) mixture
of pyridine and petroleum ether. The developed plates were then sprayed with
the reagent bromocresol purple and the Rf values were calculated.
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Analysis of aroma compounds

Naturally fermented palmyrah toddy samples and samples obtained by
fermenting palmyrah palm sap under different experimental conditions were
distilled and distillates analysed on a Varian 2440 pas chromatograph using
operational parameters given below:

Packing material : Poropak Q !.5m x 3 mm

Operating condition :  80°C - 180°C

Carrier gas flow: Heliam, 30 ml/ mir.

Results and Discussion

The alecohol, sugar, vitamin C and acid contents of palmyrah toddy after
complete fermentation are given in Tabie 1. Itis obvious that most of the sugar
in the sap is converted into alcohol due to the action of wild yeasts and
bacteria in the sample. The estimation of the ascorbic acid (vitamin C) content
of palmyrah toddy in the present paper (39.58 mg/l) agrees with that reported
by Sambandham® buat is considerably less than that reported by Paulas
and Muthukrishnan®, who huve estimated a value of 132.5 mg/l.  However,
both these studies show that there is an appreciable amount of vitamin C in
palmyrah toddy.

Table i, Alcohol, sugar, vitamin C and acid content of
completely fermented {48h) palmyrah toddy

Average confent

Alcohol (ethanoly Y vfv 58

Sugar Y w/v fess than LO
Vitamia C mg/1.%* 39.58

Acid (as acetic acid) Y w(v 0.5

#%  Oniy Vitamin C presend in ihe fo.m of Leascorbic acid was esiimated

Besides aleohol, acetic acid, vitamin C and residual sugar, palmyrah
toddy alse contains varying amounts of yeast and bacrerial cells, usually in  the
region of 10° celisfml, The types of yeasts and bacterin present in naturaily
fermented palmyrah toddy have already been identified (7 heivendirarajah  and
Chrystopher, 1984; Chrystopher, 1985).

The acid separated on the chromatogram had an R value of 0.58 cor-
responding with that of acetic acid. This shows that the major acid produced
during the natural fermentation of palmyrah sap is acetic acid, due to the presence
of which, the fully fermented palmyrah toddy is sourand has 2 somewhat bitter
taste. This acid may be produced as a result of yeast metabolism or by bacterial
oxidation of ethyl alcohol produced by the fermentation of sugars by wild yeasts,

2 Sambandham, K. {(1983). Neera - the Mectar, Workshop on Palmyrah - organized by the Food &
Agricuttural Organization and Palmyrah Develapment Board, iaffna, Sr Lanka.

3 Paulas, D & Muthukrishnan, C. 1, (1983 The situation of palmyrak in India. Workshep on
Palmyrah - organized by the | cod & Agriculivral Organiz tion and Palmyrah Development Board,
Jaffva, “ri Lanka.
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Analysis of toddy distillates by gas-liquid chromatography reveals that the
major product of palmyrah sap fermentation is ethanol with varying amounts of
methanol, n-propanol, isobutanol, ethyl acetate and n-amyl alcohol (Fig. 1).
The ester ethyl acetate was present in all the samples analysed, suggesting that
this compound may be the cause of the characteristic aroma of palmyrah toddy
distillates, which are commonly referred to as ‘palmyrah arrack’. Table 2 gives the
major components of the distillates obtained under different conditions.

ethanol

butanol

ol

IS0

5"3%* e
e
o
{n
ethyi
n-

acetate
amyl alcohol

\-propa

Fig, 1 Gas-liquid chromatogram of distillate of toddy obtained from young
female inflorescences of palmyrah palm (sample Number 3).

Table 2. Analysis of palmyrah toddy distillates

Compound | * Sample no. I 2 3 4 5 6 7
Methanol tr + 4+ 4+ @& o+ +
Kthanol . S B, RN T I R
i-propanol tr & 4+ B 4+ B
Tsobutanol tr -+ + + A+
Fithyl agetate T R
n-amyl aloohol S MRS e R I R S

ir = ftraces
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* sample no. — Description

1 — Distillates of toddy obtained from young male inflorescences of
palmyrah paim

2 — Distillates of toddy obtained from matured male inflorescences
of palmyrah palm '

3 — Distillates of toddy obtainded from young female infiorescences
of palmyrah palm

4 — Distiliates obtained from non-heat sterilized palmyrah sweet
toddy medium fermented with Saccharomyces cerevisiae

$ — Distillates obtained from non-heat sterilized paimyrah sweet

toddy medium enriched with salts and fermented with Sacch-
aromyces cerevisige

6 — Distillates obtained from heat sterilized palmyrah sweet toddy
medium fermented with Saccharomyces cerevisiae
7 - Similar to sample 6, but fermented with Saccharomyces chevalieri

The mixture of compounds found in arrack other than ethanol is collectively
denoted as “fusel oil’. The differences in fusel oil content of the toddy distiliates
obtained from young and mature male inflorescences may be due to the
differant microflora found in these samples. Rankine (1967) repoited that the
amounts of the higher alcohols formed were not related to the amount of sugar
consumed during the fermentation process; hence the differences in the sugar
content of these saps will not be the cause of the variation in fusel oil content.

It was found that sterilization of the palmyrah sweet toddy medium prior
to fermeniation by the veast Succharomyces cerevisiue (previously isolated from
paimyrah toddy} reduces the fusel oil content of the sample. This may be due to
the absence of wild yeast and bacterial sirains in heat-sterilized palmyrah
sweet toddy medium, However, addition of salts such as NH.CI, Mg30, ard
KH,PO, to the non-heat sterilized medium prior to fermentation by the same yeast
strain seems not only to reduce the amount of fusel oil in the distillate but
also to increase the amount of ethanol in the sample. Most probably these salts
may induce the growth of the inoculated yeast strain which may overgrow the
wild yeast strains; the wild yeast strains are thought to be the cause of higher fusel
oil production in toddy samples. Amerine ef al. {1972) also reported that the
addition of ammonium phosphate prior to fermentation, reduces the production
of higher aleohuols,

From the results presented, it is apparent that the compositional variation
betwesn  distillates may be due to differences in the toddy samples or the
maturation period employed. It is found that there are no differences in ihe

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

6 Vingnanam - Journal of Science Vol. 1, No. 1

fermentation patierns of the yeasts belenging to the same genus ie. Sae-
charotiyces cerevisice and Saccharomyees chevalieri (both previously isolated from
palmyrah toddy). However, as Rankine {1967y and Jeganathan (1981) suggest
the characters of arrack could be altered by selecting the veast combination for
fermentation and variation may be found in the fermentation patterns of yeasts
belonging to different genera.

The nitrogen content of veasts also affects fermentation and formation of
fusel oil (Jha, 1972). The production of fusel oil increases when the yeast has
feeble fermenting power and is poor in cell nitrogen. Therefore, the addition
of a high inoculum of yeast, rich in nitrogen, will reduce the formation of fusel
oil.

Rajendrasingh and Kunkee {1976) suggest that there is a close refation-
ship between the control of activities of alcohol debydrogenase and formation
of fusel oil aleohols. As different yeast strains may have different alcohol de-
hydrogenase activities, the amount of fusel oil produced by veasts belonging to
different genera will vary.

In addition to the strain of yeast and composition of the palm sap, the
production of higher alcohols is influenced by conditions of fermentation and
distillation.  Velatile acids, esters, aldehydes and fusel oil alcohols are produced
mainly during fermentation. Acids and fusel oil alcohols distil over with the -
‘tailings’ whereas esters and aldehyvdes disti! over with the <“foreshots’. Esters
and aldehydes can be formed even during the process of distillation. Therefore,
these ‘foreshots’ and *tailings’ are usually discarded during the preperation of
high quality arrack.

The presence of ethyl acetate in all the samples analysed supports i‘i;e'
earlier conclusion that scetic acid is the major acid produced doring farmentation
of palmyrah sap. The origin of ihe ester ethyl acetate is almost certainly micro-
biological.

Although most of these bypreducts of alcoholic fermentation are vesy
poisenous if separated out by themselves and given in sufficiently large amounts,
in the proportions in which they arc wusuvally found in arrack (traces), their
action is quite harmiless.
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OBSERVATIONS ON THE BIOLOGY OF
NILAPARAVATA LUGENS (HOMOPTERA: DELPHACIDAE)

G. F. RAJENDRAM' anD DAPHNE J. E. DANIEL?

{ Depariment of Zoology, University of Perad:piva, Peradeniya, $1i Lanka

Vingnanam — Journal of Science 1: 8--13 (1986)

ABSTHACT Siudies were catrizd ount en the biology of Niloparvala lugens
{Stal) cultured on rice variety TN 1. Eggs were 0.84 mm long and 0.16 mm
wide,; macropterous adul male 2.9 mm long asd 1.1 mm wide; female 3.3 mm
long and 1.2mm wide; brachyptercus adult male 2.9mm long and 1.0 mm wide;
female 3.7 mm longard 1.1 mm wide. Mean incubation period of eggs was
9.6 days; longevity of macropterous adult male was 132 days, female 16.4 days;
brach;pterous adult male 11.2 days apd female 11.6 days. These valucs are
compared with jesults obtained from studies in Japan and Philippines.

Introduction

The brown planthopper Nilaparvata lugens (Stal) is one of the most
desiructive pests of the rice crop in Southeast Asia. It damages the plant directly
through feeding on it and also by transmitting the virus diseases “grassy stunt™
(Ling, 1972) and “ragged stunt” (IRRI, 1978), Heavy infestation causes drying
up of the plant—a condition known as “hopperburn” (Dyck & Thomas, 1979).

In Sri Lanka, N. lugens was first recorded as a pest in Kalutara district
in 1912 (Fernando ef al., 1979). Since then sporadic outbreaks have occurred in
several areas, mainly in southwestern Sri Lanka. In the last three decades the
brown planthopper has been appearing in large numbers in several districts,
pspecially Amparai and Batticaloa, occasionally causing hopperburn (Fernando,
1975; Rajendram, 1982},

Studies on the biology of this pest have been carried out in Japan by
Harukawa (1951), Kuwahara (1956), Suenaga (1963) and Mochida (1964) and in
the Philippines by Bae & Pathak (1970).

The present paper desciibes the results of laboratory studies on the biology
of N. lugens, including morphometrics, longevity and fecundity.

1 Present address :  Department of Zoology, University of JYaffna, Faffna, Sri Lanka.

2 Present address ; Fisheries Research Station, Colombs 15, S¥i Lanka,
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Materials apd Methods

Cultures of N. /ugens were obtained from rice fields in Amparai district
and mass cultured in the laboratory at the University of Peradeniya on rice
variety TN I, grown in 25X15X9 cm wooden boxes, kept in 30%25x25cm fine
mesh cages with plastic doors. The temperature in the laboratory registered a
range of 25 - 29.5° C and relative humidity 30 - 100%. Pairs of aduit W, lugens
were reared in 15x1'5 em test tubes into which a 12 day old rice seedling was
introduced and held in place by moist cotton. The mouth of the test tube was
plugged with cotton. Unless otherwise indicated, a total of S50 observations,
spanning 5 generations, comprising 10 observations per each generation, were
made.

Eggs were obtained by maintaing pairs of N, lugens aduits in test tubes
for 24 hours. The rice stems were then removed and dissected under a stereo-
microscope in order to locate the eggs, which were then measured with the help
of an ocular micrometer.

To study the incubation period, the egg bearing sections of the rice stems
were nipped off and transferred into 7.5x2.5 cm glass vials and placed on7x2.5
cm strips of filter paper, moistened with tap water. A few [lcaf blades of the
rice plant, 6 - 7 cm long were also introduced into the vials to serve as food for
nymphs on emergence. Observations were made daily for 15 days after oviposition
to determine the number of nymphs hatching out daily, and the average incubation
period calculated. At the end of 15 days, the stems were dissected out to deter-
mine eggs unhatched.

Studies on nymph size and duration were made by transferring newly emerged
nymphs from the previous experiment, by means of an aspirator, to individual
test tubes. The nymphs were transferred to test tubes with fresh plants every 4
days during the early stages and every 3 days after the fifth instar stage. The

duration of each instar was noted and the body length measured on the day
of moulting,

Measurement of body length of adults was made on the day of emergence
from the fifth instar, The body length up to the tip of the abdomen was
measured.

Longevity studies were carried out on newly emerged adults reared in pairs

in test tubes. The adults were transferred to test tubes, with fresh seedlings
every 2 days.

) Fecundity studies were also made on pairs of newly emerged adulis reared
10 test tubes. These were transferred to a test tube with 4 fresh plant every 2 days,
Observations were made daily for a period of 10 days. The oviposited stem was
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transferred to a 7x2.5 cm vial and placed on moist filter paper. The number of
nymphs emerging from each vial was counted. Fifteen days after oviposition fhe
stem was dissected and the number of unbatched eggs counted.

When two values were compared, t-test was employed to determine signi-
ficance; when more than two values were compared, analysis of variance was
employed. Significant contrasts were determined by means of stedentized range

q tests.
Results and Discussicn

The dimensions of eggs, nymphs and adults are presented in Table L.
Females of both macropterous and brachypterous forms had significantdy longer
body lengths than the respective males.

Table 1 Dimensions of N. lugens Egg, Nymph and Adult culiured on
rice variety TN |

Developmental Number of Length (mm) Width (mm)
Stage individuals (Mean--S D) {Mean+SD)
Egg 50 1.84--0.06 0.16:0.02
Nymph ;: Istinstar 50 0.700°07 0.24:0.03
2nd instar 50 L00+0.07 0.42+0.03
3rd instar 50 1,40+0.14 0.60+0.05
4th instar 50 1.90:+0.12 0:85.4:0-06
5th instar 30 2.40-£0.10 0.92+0.05
Adult : Macropterous
Male 50 2.90+0.15 110,07
Female 50 3,30:0.14 1.24005
Brachypterous
Male 50 2.90+0.15 1.0.£0.03
Female 50 3.70+0,27 1.1£0.04

The incubation period of eggs and developmental period of nymphal instars
are given in Tablz 2. The mean incubation period of 9.6 days is in general agree-
ment with the values of 7.3 to 10.5 days, under temperature range of 23.7° to
25.6°C, reporied from Japan (Harukawa, 1951). [t is longer than the average of
7.3 days, under a temperature range of 19° to 33°C, recorded in the Philippines

(Bae & Pathak, 1970).
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Table 2 Developmental Period of N. lugens Egg and Nymph cultured on
rice variety TN ]

Developmgistal Number of Range Duration (days)
Stage individuals {days) {Mean-SD)
Egg 920 9.4 9.642.30
Nymph: st inster 50 3-4 344049
2nd inster 50 2-4 2.8+0.69
3rd inster 50 2-4 281064
4th inster 50 2-4 2.540.57
5th inster 50 2-5 4.0+0,54

Longevity of adults (Table 3) did not differ significantly between males
and females in both macropterous and brachypterous populations. Longevity of
13.2 days for macropterous males and 16,4 days for macropterous females are in
general agreement with 12.8 days and 17.8 days respectively reported for N. lugens
cultured on 1R 9 - 60 in the Philippines (Bae & Pathak, 1970).

Table 3 Longevily of N. lugens Adult cultured on rice variety TN 1

N. lugens Number of Range {Duration (days) Fovalie
Adulf individuals {days) (Mean-SD)
Macropterous baoy. 2
Male 20 5-32 132+4.9
Femaie 20 6- 30 16,4459
Brachypierous
Male 20 7-15 1,2£3.2
Female 20 2.22 11.644.0 18%

* Mot significant at 5% lavel.

Mean fecundities (Table 4) of 76.8 eggs for macroptercus females and 33.0
eggs for brachypierous females are considerably lower than 148.5 eggs in the third
generation and 543.1 eggs in the natural conditions recorded in lapan by Kisim: to
{1965), 80> to 8§09 eggs recorded also in Japan by Kuno (1968) and 2442 egus pel
female, cultured on IR 9.60, in the Philippines (Bae & Pathak, 1970). Two
reasons may account for the extremely low values obtained in 1hese experiments:
first the vaiues represent eggs laid enly during the first 10 days after cmergence
and secondly these represent eggs actually laid — realized fecundity only.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

12 Vingnanam - Journal of Science Vol. 1, No. !

Table 4 Mean fecundity of N. Jugens female cultured on rice variety TN 1
during first 10 days after emergence

N. lugens Number of Total number Mean fecundity t-value
Adult individuals of eggs (Mean+SD)
Macropteron i2 921 76.8+8.1 _
Brachypterous 12 376 33.043.3 30

* Significant at 2-5% level,

N. lugens from Sri Lanka, culiured on IR 9 - 60, was reported to have
longevities of 15.8 days for macropterous males and 16.7 days for macropterous
females and mean fecundities of 75.9 g¢ges for macropterous females and 45.8 eggs
brachypterous females (Daniel, 1982). These values are similar to those obtained
in those experiments on N. fugens cultured on TN 1. These similar values obtained
from TN I, a rice variety with no resistant gene, and IR 9-60, a variety moder-
ately resistant to biotypes of N, lugens from Philippines, would seem to confirm
that geographically separated populations of V. iugens are more likely to have
taxonomic differencas of biological significance (Claridge & Den Hollander, 1980;
Daniz! & Rajendram, 1982},
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OBSERVATIONS ON THE BIOLOGY OF
CYRTORHINUS LIVIDIPENNIS (HEMIPTERA : MIRIDAE)

G. F. RAJENDRAM ~nND FRANCESCA R, DEVARAJAH!
{Depariment of Zootogy, University of 'affns, dJaffna, S Lanka

Vingnanam — Journal of Sciense 1 1418 (1988)

ABRSTRACY The biology of the predaceous mivid Cyrisvhinus fuidipennis Renter
was studisd.  Egas averaged 0.77mm long and .20 mm wide: the adult male
2.88 mum long and 0.92 mm wide and the female 2294 mm lopg and 1.04 mm
wide. Mean incubation period of eges was 7.36 days; total nymphal develop-
ment 11.72 days; and longevity of adult male 16.47 days and adult female 12,33
davs. Mean fecundity was 30,08 eges per female. Longovity and fecundity
of tha Sri Lanka populaijon are intermediate hetween Philippines and Trailand
on the one hand and Hawzaii and India on the other,

Introduction

Cyrtorhinus fividipennis Reuter is a predator of the planthopper and leaf-
hopper pest complex of rice in Southeast Asia and the Pacific (Chiu, 1979;
Yamatsu ef af., 1981; Liquido & Nishida, 1983), Its significance as a poteniial
biological control agent of rice pests is due to its widespread distribution in rice
growing countries. It has been recorded from India, Sri Lanka, Burma, Indo-
nesia, Thailand. Malaysia, Philippines, Japan, China, Taiwan, New Guinea Fiji,
Marpiana Islands, Caroline Islands, New Hebrides, Guam., Great Nicobar and
Auvstralia (Usinger, 1946; Swezey, 1946; Sucnaga, 1963y, In Sri Lanka, C. lividipennis
has been reported from the districts of Amparai (Otake ef ¢/, 1976; Rajendram,
1982; 1984;, Batticaloa, Kilinochchi and Jaffna (Rajendram, 1982: 1984) and
Kandy and Kurunagala (Rajendram : unpublished data),

Studies on the biology of C. lividipennis have been carricd out in the
Philippines (Reyes & Gabriel, 1975), Thailand (Tanangsnakool, 1975), India (Samal
& Misra, 1977: Pophaly ef al,, 1978) and Hawaii (Liquido & Nishida. 1985). The
present paper describes the results of laboratory studies on the biology of C.
lividigennis from Sri Lanka, including morphometrics, longevity and fecundity.

Materials and Methods
Mass cultures of C. lividipennis were maintained in the Jaboratory by releas-
ing gravid females, collected from rice fields in Kilinochchi, into a plastic sleeve
cage (30% 2525 cm) with potted plants of rice varicty Bg 90-2, 4-5 weeks old,

i Fresent address @ Depariment of Jovlogy, Eestern University, Ventharumoolod, Clengaladi £. 0., $v Lanka
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along with different stages of Nilapgrvata lugens (8141} which served as the host,
Rice plants, on which N. Jugens fed, were changed regularly. The temperature in
the laboratory registered a range of 26 - 32°C and relative humidity 40 - 929,

Studies on incubation, fecundity and longevity were carried out on
lividipennis, transferred, by means of an aspirator, into a chimney cage. The
chimney cage was made up of a potted plant, of rice variety Bg90 -2, 4. 38
weeks old, with a chimney, 20 cm high, fitted over the rice plant. Varions stages
of N. lugens were introduced into the chimney cage, as required.

To determine the incubation period of eggs, a gravid female €. fividipeanis
was transferred into a chimney cage. After 24 i, the insect was removed and fhe
plant observed daily for 15 days for emerging nymphs. The number of nymphs
was neted and the incubation period determined. After 15 days, the plant was
dissected, under a dissecting microscope. and the number of unhatched eggs
determined.

In studies on fecundity. a male-female pair of newly emergsd C. lvidipennis
adults was transferred into a chimney cage and obscrvations made daily and the
number of emerging nymphs counted. After 15 days, the plant was dissected
and the number of unhatched eggs noted. At the desth of the femnale, the abdomen
was dissected and the number of unlaid eges noted.

In studies on nymph size and duration newly emerged nymphs were trans-
ferred singly, by means of an aspirator, into individual fest tubes {(I15x 1.5 cm)
containing 2 Bg 90 - 2 rice seedling kept in place by moist cotton. A gravid
N. lugens female was also introduced to provide eggs as food for the nymph. The
nymphs were transferred to test tubey with fresh plants every three days, observed
daily for signs of moulting, the exuviae removed and the duration of instar noted
on the day of mouliing.

Adulis were sexed upon cmergence and their body length and width
measured. Longevity of adults was determined by pairing newly emerged adulis
in the chimeny cage. They were then abserved daily to obtain data on longevity,

When two values were compared, t-test was employed to determine signi-
ficance.

Results and Discassion

The dimensions of eggs, nymphs and adulis are presented in Table 1. The
body length of adult females, 2.94 mm, was slightly larger than that of males,2.88mm-
The adult dimensions are in general agreement with values reported from other
countries. The body lengths of male and female adults and first and fourth instar
nymphs were respectively 2.28, 3,04, 071 and 2.09 mm in Philippines, 2.34, 243,
0.86 and 1.98 mm in India, and 3.08, 3.45, 0.85 and 2.18 mm in Hawaii {Reves &
Gabriel, [975; Samal & Misra, 1977; Liquido & Nishida. 1685y,
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Table 1 Dimensions of C. lividipennis egg, nymph and adult,

Developmental Ne. of Lenth (mm) Width (mm)
Siage individuals {Mean5 D) (Meant-5D)
tgg 30 0.77 0,04 0.20+0.03
Nymph: 1st instar 36 (.87 0,02 0.23:£0.05
2nd instar 30 1.49+0.20 (.46 £0.04
3rd instar 30 1.76 0 21 0.64+0.10
4th instar 30 2,490 30 1.07+0.22
Adult:  Male 30 2.88+0.16 0.92+0.12

Female 30 2944+0.37 1.04+0.22

The incubation period of eggs, developmental period of nymphal instars
and longevity of adults are given in Table 2. The mean incubation period of
7.36 days of C. lividipennis ia Sri Lanka is in general agreement with values of 7.56
days reported from the Philippines (Reyes & Gabriel, 1975) and 7.3 days from
India (Samal & Misra, 1977). The total duration of nymphal instars aiso does
not show much variation, being 11.72 days in Philippives, 12.1 days in India and
and 12 66 days in Hawaii (Reyes & Gabriel, 1975; Samal & Misra, 1977, Liquido
& Nishida, 1985).

Table 2. Developmental period of C, lividipennis ¢gg and nymph and
longevity of adult

Developmental No. of Range Duration (days)
Stage individuals (Days} {Megn:SD)
Egg 30 6- 8 7.36+1.71
Nymph: Ist instar 30 2-3 2.47+0,51
2nd instar 30 2- 4 2784+0.78
3rd instar 30 2« 4 3.00+0.65
4ih instar 30} 3- 4 3474057
Adult : Male 30 3.37 16.47+2,60
Female 36 2.25 12.3342.69

e e AT R e o i AL TR AT 2 1 A i

The longevity of males, 16.47 days, is significantly higher than that of
females, 12.33 days, (Table 2 : (=2.19; P< 0.05%). Longevity vaiues of Sri Lanka
population of C. lividipennis ate also in general agreement with the values reported
from Philippines, 16.7 days for males and 14.8 days for females (Reyes & Gabriel,
197>), but considerably smaller than 19.2 and 21.7 days for male and female adults
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reported from Hawaii (Liguido & MNishida, 1985). In India, Samal & Misra (1977)
reported a combined longevity of 7.4 days for male and female adults while Pophaly
et al. (1978) reported » combined 'ongevity of 40 days.

Mean realized fecundity of 30.08 eggs per female in the present study is
higher than 13.5 eggs.reported from the Philippines (Reyes & Gabriel, 1975) but
lower than 98.71 eggs reported from Hawaii { Liquido & Nishida, 1985),

Eeologically, change in body size has been related to competition for and
allocation of available resources (Price, 1975). Liguide & Nishida (1985) reporting
on variation in number of nymphal instars of C. fividipennis from different countries
concluded that the inconstancy in the number of moults had not nfluenced the
integrity of the quantitative genetic expression of body size. The present results
confirm these conclusions. We can also confirm that therc is no apparent
adaptive reason for C lividipennis to aiter its body size.

Altheugh Liquido & Nishida (1985) maintained that high fecundity and long-
evity in the Indian population of C. lividipennis as reported by Pophaly et al.
(1978) combined r and k stretegist characteristics of long adult life and high
fecundity, they concluded that therc was no apparent relationship between long-
evity and fecundity, These findings are also confirmed by the present study.
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CAUSING CANKER DISEAE OF CITRUS
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{Uepartment of Botany, University of Jaffna, Jaifna, Sri Lanka)

Vingnanam — Journal of Science 1 : 19—25 (1986)

ABSTRACT The present investigation was undertaken with a view to
obiaining some basic information about som: of the factors that are
conducive to the infection of citrus plants by Xanthemonas citri {Hasse)
Dowson. Temperature of about 309C and 100% relative humidity scem to
provide ideal conditions for the infection to oscur. The disease can  be
severe dwing both dry and wet conditions. The bacteria gain entry pre-
dominantly through wounds and occasionally natu-al openings. Infection
usually takes about seven days to develop from the time of inoculation,
under laboratory conditions, and about eighteen days after incculation in field,
Chloramphenicol and tetracycline suppress the growth of the bacteria in vitro
under labor atory conditions at a concentration of 160 ppm and niracol,
Streptomycin and Copper S:ndoz are eifective at a concentration of 1000 ppm.
In wivo studies indicate that tetracycline inhibiis svmptom develspment at
100 ppm in detiched leaves, while chleramphenicol and stremptomycin tog:ther
with Copper Sandez and Cupravit are effective in suppressing symptom
development at 1000 ppm.

Iutroduction

The canker disease of citrus, Citrus aurantifolia (Christm) Swingle, was
carlier thought to be caused by the bacterium, Pseudomonas citri which WaS
subsequently renamed Xenthomonas citri (Hasse) Dowson and reported by Agrios
(1978). This is one of ths commonest diseases of citrus plant and is world
wide in its occurence. The pathogen affects mainly the leaves, fruits and
sometimes the stem.

The bacterial canker of citrus has been observed in all citrus growing
arcas in Jaffna and the disease may probably have been the cause of the decline
in citrus yields in Sii Lanka in the recent past. The frequent occurrence of this
disease on citrus plant prompted the present inyestigation on some aspects of the
biology of the disease causing organism.

This disease has been observed in many plants of the citrus group,
inciuding orange, grapefruit, lime, mandarin and takity seedless vatiety, Obser-
vations have shown that orange appears to be the most resistant to bacterial
canker, whereas takity scedless appears to be the most susceptible variety.
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Symptoms of the disease are easily noticeable in leaves where they
appear as circular, brown, necrotic areas with scabby excrescences on the leaf
surface. These areas are surrounded by a pale green or yellow halo. As the
disease advances the affected area becomes corky.

Damages on the infected leaves reduce the photosynthetic area and asa
consequenice the productivity of the plant will bs affegted. Infection on the
fruits creates an ugly appearance and such fruits undergo spoilage more
quickly. It was therefore decided to study the pathogen and to explore possible
chemical control measures against it.

Waterinis and Metbods

isolation of pathogen anpd host scarce

The pathogen Xanthomonas citri was isolated from leaves of naturally infected
citrus plants. Infected porticas of the leaf tissue were macerated with sterile
distilled water, after surface sterilization with 0.01 M mercuric chloride solution.
The suspension thus prepared was streaked on putrient agar medium and ihe
plates were incubaied at room temperature for 2-3 days. The bacterial culture
was purified and maintained as a mono-culture. For long terra study the culture
was kept in a refrigerator,

As a source of host material leaves obtained from healthy Cifrus aurantifolia
plants were used. Inoculation was carried out generally on the leaves between
the second and seventh positions on the twig as they showed fair susceptibility
to the dissase. Before inoculation the leaves were surface sterilized and
subsequently washed thoroughly with distilled water.

Inoculaiion of leaves

During inoculation, pricks were made gently on the leaves to cause
minute non lethal wounds by means of a sterile pointed needle, The leaves
were then dipped in a sample of bacterial suspension which was prepared by
suspending a loopful of the inocalum from a 24 b old culture in sterile distilled
water. The concentration of the inoculum was usually detesmined prior fo
inoculation with a haemocytometer.

After inoculation the leaves were kept in fransparent plastic boxes liced
with moist blotting paper and incubated at room temperature. The extent of
infection was assessed after eight days of incubation. as the mean number  of
infection sites obfained per leaf.

Studies on the course of development of discase
initially the development of infection on leaves was studied under
laboratory conditions. For this purpose, leaves that were inoculated with the
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baterial suspension were kept in humid transparent plastic boxes and maintained
at room temperature. The leaves were examined for changes associated with the
digcase daily for about twelve days.

Similar studies were made under natural conditions on plants that were
grown in the botanical garden. For this purpose, actively growing healthy twigs
were selected and the leaves inoculated with bacterial suspension and observed
for sympfoms upto a period of three weeks.

Transverse sections of the leaves through the infection sites were examined
to discern the morphological and histological changes associated with the disease.

Eifect of different methods of inocuintion oa the extent of iafection

It was felt desirable to investigate the effect of different methods of
inoeulation of the pathogen to see which method was the most effective in
causing infection. For this purpose, surface sterilized citrus leaves were divided
inio three sets, One set was inoculated by dipping the leaves that were Dot
subjected to prior wounding, in the bacterial suspension. Another set was sprayed
with bacterial suspension using an atomiser. This set too was not wounded. The
third set was inoculated by treating with the bacterial suspension after pricking.
All three sets were kept under identical conditions. Counts on the number of
infection sites were made after eight days of inoculation.

Effect of physical factors on extent of imfection

Effect of moculum density. Bacterial suspensions of different concentrations
wore used to inoculate leaves of similar ege by the pricking method and the
mean value of infzction sites per leaf was calenlated.

Effect of temperature, In this, sets of leaves were inoculated with bacterial
suspension by the pricking method and incubated at 25¢ C, 30° C and 35° C and the
mean number of infection sites per leaf calculated.

Kffeet of meisture. Droplets of bacterial suspension were placed with a
micropipette on leaves that were wounded, In ome set of leaves the droplets
were dried immediately after inoculation and the other set was kept wet through-
out the period of incubation and the symptoms assessed as above.

Fifect of chemicals on bacterial growth

The effect of Bordeaux mixture, Antracel, Copper Sandoz, Cupravit,
streptomycin, tetracycline and chloramphenicol were investigated on the bacterium
grown in nutiient agar medivm (Wheeler, 1969; Mehrotra,1980). For each chemical
the compound prepared at concentrations of 100 ppm, 500 ppm and 1000 ppm
was incorporated separately into molten nutrient agar. These plates were seeded
with .10 ml of the bacterium at a concentration of 10% cells/ml, After two days
of incubation at room temperature the number of colonies that developed in each
plate was noted, :
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Effect of chemicals on development of infection in leaves

It was pertinent to find out if the chemicals used in the in vifro study
in the previous experiment had a similar or variable effcct on infection on the
leaf. Leaves were surface sterilized and dipped in different concentrations of
chemicals used in the previcus experiment. After air drying the leaves were
soaked in the bacterial suspension after making pricks and incubated at room
temperature in petri dishes lined with moist filter paper. Controls were
maintained,

Results
Course of disease development

Symptoms began to develop as brown spois on the fourth day after
mnoculation. Subsequently the area surronnding these spots became pale green in
golour. By the sixth day, the surrounding area turned yellow and by this time
fight vellow corky out-growths appeared from the centre of the lesions. By
about the eighth day after inoculation the center of the lesion turned brown and
became hard, These resembled the typical canker symptoms observed in plants
in the field.

In similar studies underiaken under natural conditions on plants that were
grown in the botanical garden, the symptoms bagan to appear by about the
fourth day afier inoculation but typical symptoms appeared only after eighieen
days, i

Although the diseass was observed on the upper and lower leaf surfaces
the symptoms were more prominent on the upper surface. The affected areas
showed the presence of corky protuberances, Both the palisade and spongy
parenchymatous tissues were damaged. The infected cells became necrotic. The
bacierial cells were found intracellularly within the mesophyll cells

Methods of fnocnlation

The mean valugs of the number of infection sites per leal as a resulg
of pricking, spraying and dipping the leaves in the bacterial suspension were
T+3, 21 and 241 respectively.

it appears that all three methods are effective in causing infection, However,
pricking has been more successful in causing infection than the other two
methods. This suggests that one of the prerequisites for successful infection is
wounding which might happen under natural conditions when leaves can be
damaged by wind, insects, or during handling of the crop. Infections that
appeared on leaves that were not pricked suggest that the bacteria could also
enter the leaf through natural openings such as stomata,

Effect of physical factors en the development of infection

Effect of inccvlum depsity, The results given in the Table 1 show that
bacterial concentrations of 108 cells/ml and above are required in order to cause
svecessful infection.
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Table 1. Effect of inoculum density on the production of infections.

Concentration of bacterial
suspension in cellsfml

Average number of infection
sites per leaf (Mean(4-SD)

109 941
108 741
107 6+1
108 440
105 0
104 0

Effect of temperature, Observations on the number of infection sites
revealed that at 30° C the infection was higher suggesting that this temperature
favours infection.

Effect of moisture. [t was observed that symptoms developed equally on
the leaf surfaces that were kept moist after inoculation, as well as in those
which were dried immediately after inoculation. This indicates that the bacteria
can cause infection under both wet and dry conditions.

Effect of chemicals on bacterial growth. On nutrient agar medium the
bacteria formed light yellow coloured colonies which were spherival with entire
margin. The colonies were shiny with a convex surface. Individual bacterial
cells were rod shaped without a capsule. They were gram negative and possessed
only one flagellum. The cells measured 15 fm long and 7.5 fm wide.

The effects of the different chemicals on bacterial growth in nutrient agar
medium are given in Table 2.

Table 2. Effect of chemicals on bacterial growth

Concentration Average mumber of colonies per plate
of chemicals on different chemicals (Mean + SD)
{(ppm)  Bordeaux Chloram-  Tetra- Copper Cupravit Antracel Strepto-
mixture phenicol  cycline Sandoz mycin
0(Controly 92617 930+8 928114 931+ 13 92149 926418 9298
100 800--39 0 0 103+5 302+11 313+5 102+4
300 624+8 ¢ Y 3945 26110 11746 9 +5
1600 354 +11 0 0 21+4 22148 0 16+:2
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The results indicate that chloramphenicol and tetracycline reduced the
development of the bacteria dramatically by completely suppressing its growth
at 100 ppm. Copper Sandoz, Antracol and streptomyein are effective in control-
ling the bacterial growth at & concentration of 1000 ppm, on artificial medium.
Effect of chemicals on the development of infection in leaves.

The results of this investigation are given in Table 3.

Tavle 3, Effect of chemicals on the development of infection in citrus leaves

Concentraiion Average number of infection sites pe leaf
of chemicals on different chemicals (Mean + SD)

(ppm)  Bordeaum Chioram- Tetra- Copper Cupravit  Antracol Str-pto-

mixture  phenicol cycline Sandoz mycin

0 (Control) 741 g+1 - 942 741 Txl 74:1 941
100 4+1 241 0 3+0 61 642 " 240D
500 410 1+1 0 1+1 340 441 1zl
1000 T4+2 0 0 140 121 440 1+p

Tetracycline is highly successful since it completely inhibits the development
of the symptoms in thie leaves cven at 4 conecentration of 100 ppm, whereas
chloramphenicol, streptomycin, Copper Sandoz and Cupravit are successful to a
high degree at a concentration of 1000 ppm,

Diizcussion

Bacterial canker disease of citrus caused by Xanthomonas citri is one of
the fcliar and fruit diseases of citrus and has been found to cause infection in
all groups of citrus plants. No systematic study of the disease has so far been
carried out in Sri Lanka. Since there are no records of the damage caused
to the citrus plant by the pathogen it has been difficult to estimate the quantitative
losses or damages.

As a result of infection centres becoming necrotic and the development of
corky protuberances on the leaf surface, the available photosynthetic area
becomes less, which impedes the rate of photosynthesis in infected leaves. This
will naturally affect the growth of the plant and the yield of fruits. Occurrence
of disease on the fruit certainly impairs the quality of the fruit. However,
further studies are necessary to assess these adverse effects.
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The present investigations have also indicated that the pathogen gains
access to leaves through natural openings such as stomata and through wounds
caused artificially. However the lafter seems to cause severe and successful
infections. Also wounding of fruits caused by insect borers is the primary cause
of bacterial entry into fruits

The requirement of the relatively low temperature and the presence of
moisture on leaf surface may suggest that infections can be severe during rainy
season. But the disease is also severe during dry conditions. This may be
partly due to the low temperature prevailing in the night which is conducive
to the entry of bacteria.

No control measures have so far besn adopted against the bacterial
canker of citrus, The present study indicates that particularly tetracycline along
with the chemicals chloramphenicol, streptomycin, Copper Sandoz and probably
Cupravit can be used at low concentrations for the control of the disease.

The present investigation only reveals certain conditions that favour disease
incidence and provides some information on certain aspects of the biology of
of the disease and the cffect of some chemicals on the disease. Further studics
are necessary to assess the exfent of damage caused by the pathogen to citrus
plants and to develop methods to suppress the disease under field conditions.
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STUDIES ON THE FRUIT ROT DISEASES OF BRINJAL,
SOLANUM MELONGENA L.

R.V.5. SUNDARESAN, SIWVANESWARY KANAGASUNDARAM
and A. SIVAPALAN?
(Cepartment of Botany, University of Jaffns, Jaffna, Sri Lanka)

Vinguanam — Journal of Science 1: 2628 (1986)

ABSTRACT An investigation was carried out on the incidence and severity of
the fruit rot diseases of brinjal, Solanum melongsna L. Eleven species of fungi
associated with brinjal have been isolated and idertified. Pathogenicity studies
have revealed that five of these fungal species are rcsponsible for causing rot
in brinjal. These are Phoma spp., Botryodiplodia theobromae, Rhizopus spp.,
Absidia spp., and Fusarium spp. The chief symptoms produced by these have
been vecorded.

Introduction

Brinjal, Solanum melongena 1. is an economically important fruit and
is used as a vegetable throughout the world. Fruit rot of brinjal is an important
post harvest disease that causes considerable losses during transit and marketing
of the fruit, Itis widely prevalent in the Jaffna district in Sii Lanka, parti-
cularly during storage and transit of the produce.

Materials and Methods

General. The brinja! wvariety Thirunelvely purple was selected for this
investigation. The survev was carried out during two harvesting seasons, the
rainy season extending during the months of November and December and
the dry harvesting season during the months of March and April, on local
plantations, and subsequently at the markets in Thirunclvely and Atchuvely
in Jaffna district, The incidence of the fruit rot was assessed as a percentage
of the sum total of fraits at each location. A cross section of the farmers
and vendors at the markets was also interviewed on the bandling techniques
and losses oceuring during harvest, in transit, during storage and at the stalls.

Isolaticn of the pathogens. Rotten fruits were collected from plantations
and markets for investigation in the laboratory. The pathogens were isolated
by cutting discs (3 mm thick) of rotten tissue under aseptic conditions, after
surface sterilization in 0.01% mercuric chloride. The discs were then plated
on malt extract agar and incubated at 30°C. Purc isolates of the causative
organisms were obtained by the standard technique.

1. Present address: Department of Biology, University of Guyana, Georgetown, Guyana.
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Determination of the pathogenicity of the fupgi. Healthy fruits were
surface sterilized and later washed in three changes of sterile distilled water.
A short cylinder (4 mm long) was bored in the fruit with a cork borer (1.5 em
diameter), making sure that the bored tissue was intact within the fruit alter
the cork borer was withdrawn Two drops of the spore suspension (density.
4.8%105/ml) of an isolate were placed arouynd the outline of the wound
caused by the boring. Comparable controls too were placed inside plastic
boxes lined with moist filter paper and regular observations made. Reisolation
of the organisms was carried out and Koch’s postulates established.

Results and Discugsion

Fungal spreies associated with the rof
Elven specles of fungi were found to be associated with brinjal fruits
in the present investigation. The fungal species encountered are listed below ;

1y  Phoma spp. 7) Bipolaris hawaiiensis

2y Boiryodiplodia theobromae 8) Curvularia clavata

3)  Fusariun spp. 0y Trichothecium roseum

4y Rhizepus spp. 10y Cvlindrocarpon spp.

5y Absidia spp. 11y Cockliopolus australiensis

6) Nigrospora spp.

Test for Pathgoenicity

In pathogenicity studies out of the elven fungal species encountered,
only Phoma, B. theobromae, Fusarium, RhiZopus and Absidia were found to be
pathogenic.  Previous reports have mentioned only  Phomopsis  vexans
as the causative agent of the fruit rot of brinjal (Pawar and Patel, 1957
Abeygunawardena, 1969; Chowdhry and Hgsija, 1979},

Conditions favowring incidence of severity of the disease

Harvesting of fruits is done manually. In the course of the survey it
became cvident that as a result of some of the handling practices adopted
during harvesting, packing and transportation, a sizeable percentage of the
fruits acquired wounds which facilitated the development and spread of therot
disease. Inmsect boring of the fruits too was commonly observed both in the
fields and in the markets which too made the fruits more susceptible to
infection,

The incidence of fruit rot in the field was low, (1-4% 3. However,
in plantations where harvesting was unduly delayed. higher levels of incidence
( 10-70%, ywere recorded. The incidence and severity of the rot appeared to
increase from the fileds to the markets where as much as 30% and 40%, of
the produce was lost during the dry and rainy harvesting seasons respectively.
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Chief sympfoms exhibited by the different fungal species

Phoma spp. The disease first appeared as minute dull sunken and dusky
purple spots which later merged forming large rotten arcas with concentric
rings of fungal giowth, Within one week, the rotten areas became covered
with black heads, which when mature produced conidia At a later stage the
mfected fruits were observed to be covered with grey mycelial mats from
which numerous pycnidia developed. There has been a report that the species
Phomg is the same as Phomopsis vexons which is known to cause fruit rot in
bripjal ; ¢ Chowdhury and Hasija, 19/9 ).

B. theobromae. The appearance of symptoms coccured only 5-8 days after
inoculation. Initially water soaked lesions appeared, but as the disease pro-
gressed, the infected regions appeared dark brown and depressed, being surround-
ed by a water soaked halo. At later stages (15 days after inoculation), the
lesions became covered with greyish mycelium of the causative organism and
aumerous pycnidia developed on tnem.

Rhizopus spp. The symptoms started appearing 24 hours after inoculation
as circular pale brown water soaked arzas which enlarged rapidly covering a
grater part of the fruit. The flesh became soft and succulent. At later stages
approximately tour days after inoculation, whitish grey myccliam covered the
surface of the collapsing fruit.

Absigia spp. The symptoms produced were very similar to those caused
by Khizopus spp.

Fusarium spp. The symptoms appeared 2 —3 days after inoculation as
water soaked lesions, which were not as well defined as in the rot caused by
Rohizopus spp. The lesions enlnrged, rapidly, turned brown and were covered by
a white mass of mycelium which appeared powdery.

High humidity was found to enbance the growth of these fungi. The
rots caused by Phoma spp. and B theopromas were by far, the severest.
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THE POTABILITY OF JAFFNA GROUND WATER
CHELLIAH ELANKUMARAN

{Departmant of Marhematics and Statisiics, University of Jaffna, Jaffna, Sri Lanka,

Yingnanam — Journal of Science 1: 28—39 (1986,

ABSTRACT Chioride and Hardnass concentralions In ground water of “Jafina
area’ ware analysed with the aid of Time series analysis and Stochastic
processes in statishes. The area selecisd for this rasearch consists of the
western porticn of Jaffna peninsula, Sri Lanka which was marked as “Jaffna
area’ by the Water Resources Board (WRRB) of Northern Reglon of Sri
Lanka, In this area sixty sight samples, for which su _cessive monthly
data are available from the regionul otfice of the WRB from January 1973
to June 1984 were selectad for snalysis. The findings show that while
the chiorids concentration ncreased with time significantly, Hardness tends
to remain unchanged.

. Introduction

Ground water is 2 major natural resource of laffna peninsula, Sri Lanka,
and it has been used for domestic, agricu'tural and industrial purposes. Th{,
demand for ground water has increased considerably over the past two decades,
-Rainfall is the only source of recharge for the ground water. Seasonal rainfall,
its high variability and over-extraction are the factors which cause the salinity
problem in ground water to an alarming degres (Puvaneswaran, 1986). The
aim of this work is to analyse the chemical properties such as Chloride and
Hardness concentration of the ground water over a period of 66 mounths from
January 1979 to June 1984, An attempf is also made to predict the future pota-
bility of ground water resources in a particular area in Jaffna town

Materials and Methods
The area selected for this research is the western portion of Jaffna
neninsula, which is a triangalar arsa having vertices at Jaffna towa, Moolai
and Thondatmanuvar (Fig, 1).

Monthly data were available for chloride and Hardness for a period of
66 months from January 1979 to Jfune 1984 at the Water Resources Board
(WRD), Jaffna. No data are available after this period, The WRB has collected
water samples from 2350 wells on a random basis in the ‘“Jaffna area”. However
only 150 samples gave successive data for the period specified above. These
wells were plotted on a map to show spatial distribution of the wells and
purposive sampling method was then applied to a select sixty eight wells
among them Figures 1 and 2, When selecting the wells, due attention was paid
to cbhiain a minimum of one sample and a maximam of four samples from a
given place to represent the study area. The decision as to how many samples
should he selected from a place depended on the total number of wells in that
area, The sample sizes sclected in each place depended solely on the density
of the popu! lation,  Since purposive sampling method was wsed, a certain
amount of subjective decision was also involved in selecting the sa.inpl
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Fig. 1. Distribution of the sampled wells,separated on the basis of increasing
(@) and decreasing (O} chloride concentration trends in the study area in

the Jaffna peninsnla,
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Fig. 2. Distribution of the sampled wells, separated on the basis of increasing
(®) and decreasing (O) hardness concentration trends in the study ares
in the Jaffna peninsula.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

32 Vingnanam - Journal of Science Vol. 1, No. 1

Although data were available for ouly 2 short period of 66 months an
attempt has been made to use thess data to elucidate some facts about the
ground water in Jaffna, The locations and samples selected for this study and
the actual numbers of samples at each location are given in Table 1.

Table 1: The distribution of the samples used for analysis, in the different locations,
in the area selected in Jaffna peninsula. (Source: Water Resources
Board, Jaffna).

Mo, Place Sample numbers pumber of samples
1. datfna 393, 305, 457, 460 4
2. Thirunelvely 380, 386 2
%, Nallur 293, 298, 300 3
4. Kolkkuvil 377, 384, 385, 412 4
8. Kondavil 313, 316, 370 3
8. Anaikoddai 406, 464, 470 3
7. Manipay 428, 435, 449, 453 4
8. Urumpiray 208, 342, 360 3
G, HKopay 243, 247 2
10, Maruthanamadam 348, 356, 442 3
1. Neervely 159, 233 2
12, Chunnakam 43, 328, 332 3
13. Vasavilan 80, 81, 87 3
14. Atchuvely 91, a6, 101 3
15. Thondaimanaru 85, 90 2
16. Tellippalai 38, 53, 87 3
17. Kankesanthurai 58, 59, 80, 63 4
18, Keerimalai 43, 49, 58 3
18, Pandattarippu 02, 28 2
20. Mathagal 29 1
21,  Siththenkerny 01, 14 2
22.  Chankanai 17, 500 2
23. Moolai 06, 524 2
24, Araly 536, 540 2
25. Vaddukoddai 515, 528, 530 3

concentration in waler.

The chloride level which is related to the salinity of water is the Chloride (Cl)

Toe Hardness level is the total concentration of Calecium

(Ca), Magnesium (Mg) and Sulphate (50.) in water. Since the percantage

composition of other substances such as Manganese {(Mn), Iron (Fe), Copper
{Cu), Phenolic compounds and Carbon-Chlgroform extract were very low in the
Jaffna ground water, tiese were not analysed. For Stochastic processes, raw
data were classificd according to the drinking water standard specified by the
World Health Organization (WHO) listed in Table 2.
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Table 2: Drinking water standand for different substances found in water specified
by Waorld Health Organization. {Source: Water Resources Board, Jaffna. |

Substances Maximum Maximum
acceptable level allowable level
Manganese 0.100 0.500
tron 0.360 1.000
Copper 1.0u0 1.500
Calgcium 75.000 200.000
tMagnesium §0.000 15G.000
Chiorine 200.000 600,000
Suiphate 200.000 400.000
Phenolic 0.001 0.002
Carbon, Chloroform extract 0.200 0,500
Resulis

Trend Analysis

The observed monthly data (January 1979-June 1984) consist of 66 monthly
time series values of Chloride and Hardness. These data can be analysed with the
aid of time series analysis described in Appendix 1. Five -month moving averages
have been calculated for Chioride and Hardness to find the linear trend. The
original observations, second step moving average trends and linear trends of in-
creasing and decreasing Chlorids concentration are illustrated in Fig. 3 and 4 for
two samples namely well Na, 393 and well No. 395. The linear trend values deri-
ved reveal that Chloride concentration decreases to 3.37 ppm / month ia sample
well 393 and inoreasss to 7.26 ppm/ month in sample well 396.

From the trend analysis 136 trend equations were found for Chloride and
Hardness, By considering the iangent of each line one could find whether the line
decreases or increases. [If a trend line decicases, the time series generally decrsaes
and vice-versa. The findirgs are given in Fig. | and 2,

Sensonal Aralysis

Ameng one hundred and thirty six time secies of Chioride and Harduess,
only one time series was seleted for detailed study of seasonal analysis and the
seasonal indices have besn found. The Chloride concentration in sample 460 in
Jaffna town was sclected for a dstailed study. In this analysis one year was
considered a short run and the twelve months considered were ¢welve seasons.
Seasonal fluctuations {Indices} were obtained by using the original time series.
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Fig. 4. Chloride concentration ¢ppm) in the water sarapled from well No. 399
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shows actual values, curve (2) shows the moving average jand (3 the
linear trend.
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The additive model: 0=T+S+R is used, where O, T, S and R are original
observation, trend value, szasonal variation (regular patiern)and residual variation
(irregular pattern) respectively, In this modsl, trend valuss are calculated by fiading
the first step five month moving averages. The sixty observations from January
1979 1o December 1983 were ased for this analysis. Tabls 3 gives the seisonal in.
dices of this sample. The eyclical movement (long run regalar pattern) is neglected
here because the period of data collsction is fairly short.

Table 3 Seasonal indices for chioride concentration (salinity) in sample well No,
460 in Jafina town.

i T

Heason Fluctuation Beason Fluctuation

danuary ~288.721 duly 35.37%
Fabruary - 15.471 August ~=16.021
March 4.378 September —122.821
April 17.179 October 102.174
May 25.579 Novembaer 277.029

dune —23.221 December —=55,471

it is seen from the table that seasonal indices reached their highest valus
(277.029 ppm) in November and their lowest value (—288,721 ppm) in January.

Prediction
From the above irend analysis and seasonal analysis the appropriate
value of this sample for a specified month can be predicted. For July 1937 the
value wiit be as follows:
y=2803.89 — .29 [ 12{year — 1579)14-Month ~ 33
If we substitute year=1987 and Vonth=7 (for July},
y=803.89 - 0,29 [12(1987 — 1579)] + 7 — 33
=T783.59.
By assuming that ths residual vaciation in July 1987 is in O, the predicted valus
will be as follows :
O0=T+8+R
=783.59+35.379+0
=818.909 ppm

Stochastic Analysis

Stochastic analysis was used fo analyse sample No. 480, The technique
used in this study was successfully used in hydrological problems (Todorovic,
1978). The two state Markov-Chain described in Appendix I was used for the
analysis. The states of the conoentration GOOD or BAD are denoted by Gor B,
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If an observation bes between the maximum acceptable and maximum allawable
concentrations, it is classified as “GOOD” state and otherwise it is classified as
“BAD" state, For Chloride these fimits are 200 ppm and 600 ppm and for
Hardness 300 ppm 750 ppm,

The state space is S=(G,B). The classification of states and transitions
of states are given in the following Markov progess
GGGGBBBEBBBGGGGGBBRERBBBBBGEBBBRBBBBBBG
BBRBBBEBLBBBERBBBBBBBRBRBBGGGG

The first step transition probability matrix is found and is;
G B

G/ 071 0.29
B\ 0.08 0.92
The limiting probability matrix is calcuiated as
G B

G 02162 0.7838
itP =
By 0.2162 (.7838
biscussion

Among sixty eight samples selected for this study, twenty seven are
decreasing and forty one are increasing in Chloride (Fig. 1). On the whole,
increasing chloride samples elucidate the alarming situation of Chloride problems
ot the basis of statistical analysis. Therefore duc attention hasto bs naid to
manage ths ground water resource before it reaches a stage whare no planning
conld solve this problem effectively., Fig. 2, reveals that unlike Chloride
sonceniration there is a balance between increasing and decreasing trends in the
Hardness concentration in the samples studied. Among the sample wells, while
thirty four show the increasing trend, the rest are decreasing. From the Stochastic
analysis it is found, in the long run the probability limit of GOOD state to BAD
state of ground water for a particular area in Jaffna town (Sample No. 460-
Fig. 3), is as given in the following form.

Pr (GOOD) = 02162

Pr (BAD) = 0.7838
By comparing the above limiting probabilities it was elucidated that the chance
for a “BAD” state is more probable than the chance for a “GOOD” state
in the ground water of & particular area in Jaffna town.

The changing Chloride congentration has become a major problem in
the ground water of Jaffna peninsula. Most of the fresh water wells face
salinity problems seasonally or yearly. This may be due to intensive farming
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practices using chemical fertilizers and pestivides which leach through soils and
mix with the ground water, Further, over-extraction of water by machine
pumping could also aggravate the salinity intrusion into the fresh water lens. The
wells which are not subjected to the above problem may have better recharge
conditions.

On the basis of the above analysis in the pardicular area, we conclude that
the ground water of this area will become unsatisfactory. Percentage chioride in the
water of the wells in this area may continue to increase leading to drinking
water problems, Some drinking water wells may have to be eventually aband-
oned. Similar analysis for other stations will give meaningful - results of the
sature and type of water and its future potability,. The nsed for more in-
depth study of this problem in the future is indicated by the results.
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Appendix }
Trend Line
The trend is the long term movement of a time series. We are intersstad
in finding a trend in terms of an equation and expressing it gmp‘qically With
given data, a graph is plotted, and the problem becomes ous of {itting a straight
iine to the data so as to show the loag-run gradual growth of the time series,

In this paper since the observed values of gach time series is givea from
January 1979 i> June 1984, the lincar trend values for five mouth moving averagss
arg in the months of September and October 1981, When the linsar tread line
on the scatter diagram of a particular sample is plotted, fanuary 1979 could be
taken as origin when Septemaber and Octobar 1981 will secare the 33rd and 34th
positions respectively on the time axis.
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Since we have the teend values for these months gn fime axis (X axis), we
could measurs the values of these f wo points on observation axis (Y axis). Hence.
we have two poeints on XY planc. This can be used for plotting the linear trend
ling of the time series given for the sample. If we let the respective trend values
be v, and ys, then the two points are (34, y,) and (34.y,) for the lincar trend line.
The equation of the trend line can be written as follows:

¥=y, + {yo—v4} (X—33); If we modily ihe time variable X as;

X=12 {(Year—1979; 4 Month

the modified eguation will be as follows;

y=v, + (¥, —y,) {12 year — 1979) 4+ Month — 33

By using the above equation sixty eight trend lines for the Chloride and Hardness
concentration of each sample have been obtained and these could be used for
forcasting for any month of the year after having derived appropriate seasonal in.
dex for a particular month.

Appendix 11

Transition probability matrix

For a homogeneous markov-chain the nth step transition probability fuaction
for the n traasitions from the state i to the stats j is given by

Pi; () =Pr[Xn = /X o=i]
If the number of states in this markov chain is finite we mayv express thsse
probabilities by a transition probability mairix,

In this paper, since Lwo states were considered a 2x 2 transition pro-
bability matrix was counstructed, If the fiest step transition probability matrix
of this two state Markov-chain is

g a
P:{ \;o<a, bl

. b 1—b,
then the nth step traasition probability mailrix can be written as:
i by,
B Sea R WE - a1y
> Gl i D REBe, o ke TR
Poe i
,,__tf_,...., Bl g - b) a $oo bl —a— by

(a+tb) fatbh (a+o)  (a+b)
where O< =4, < =1 and =<l —~a —b <!

For the limiting probability disiribution of states,

n-—aue al+b
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SHORT COMViUNICATION

A NEW METHOD FOR CULTURING SEEDLINGS OF
PALMYRAH PALM BORASSUS FILABELIIFER L,

S. KANDIAM AND S, MAHENDRAN

(Uepariment of Botany, University of Jaffna, Jaffna, Sri Lanka.)

Vingnanam — Journal of Science 1: 40-—43 (1986

ABSTRACH The temotive mode of geimination of palmyrah, Borassus
Flabellifer L, sesd does ot permit germination in handy transpoit able containers.
Soed-free tubers initizted roots when plaated in a medium maintained at
150 C, providing 2 basel temperature 107 C above ambient. The rooted
tubers could be grows in handy polvithene bags subsequently.

Entroduetion

The palmyrah palm, Borassus flabellifer L. has now been recognised as an
underutilised palm of Asia and Africa.” Endowed with characteristic pest and
discase resistance and requiring very limited agriculiural inputs, its potential as 2
plantation crop for the developing countries of the tropics remains largely un-
tapped—Kandiah', The FAQ /DANIDA sponsored workshop on the palmyrah
pelm held in Jaffna, Sri Lanka in February 1983, highlighted the need for scientific
investigation into many aspects of growth and cultivation of the palm., Koveor
{1933) subsequeutly reviewed the current state of knowledge of the palmyrah palm,

Most of the palmyrah paim stands of the world today are unplanned natu-
rally estabbished seedlings of the palm. Dearth of land and increase in population
i the regions of palmyrah has already checked such natoral establishment of
palmyrah, Purposeful planting and protection of palm seadling has now become
4 1Mecessity,

Seedlings raised in nurseries (ail to re-establish in the field after transplanting.
Raising secdlings in transportable nursery bags or pots has proved difficult due to
the mode of germination of palmyrah seeds being ‘remotive’, where, on germination
the cotyledonaiy sheath (apocolon) elongate into the soil to considerable depth
carrying the embryo with it (Dassanayake and Sivakadachoham, 1973). The
authors found that the apocolon grows out through the container and establishes
in the soil below the container defeating the purpose of planting the seed in
containers — Fig, 1 (a).

1. Kandiak, $.(1983) Some aspects of botany and ecology of the palmyrah palm, Borassus flabel-
lifer L. FAO / DANIDA Palmyrah Workshap, Jafina, ©ri Lanka.
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Palmyrah seeds planted in situ in the field establish poorly and percentage
success was found to be as low as 10-20%, (Palmyrah Board, 5ri Lanka - personal
communication) even theugh Paulas and Muthukrishnan? reported more than 0%
germination in two months in narsery beds, Hence planting seed in situ in the field
is not an ideal means of establishing a well planned plaatation.

Kovoor (1981) suggests a more sophisticated approach to this prob'em, in
the culture of excised embryo in vitre on appropriate aseptic medivm, The intricate
nature and expenses involved in this method are beyond the reach of the grower in
the developing countries of the tropics. Kandiah® reported that it is possible to
induce adventitious roots on tubers (Seed-free seediing before the emergence of first
leaf - Fig. ! (b)) in a manner analogous to roo! induction on shoot cuttings and
subsequently grow these rooted tubers in handy containers. The early results of
these studies ure reported here, ;

Materinls and Methods

Palmyrah seed beds seeded at densities of about 300 seeds/wm? produced fub-
ers suitable for this study in 4 to 53 month period. The seed, sheathing portion of
the cotyledon and remnants of the seed bed rocts were removed from the tubers
- Fig. | (b). The tubers were dipped in a fungicida! solution for few minutes, and
then bundles of ten tubers were planted to a depth of 3 inches in a coir dust
medium, Tubers were prevented from dessication by elther an automatic mist-
ing system controlled by an electronic leaf (Wright Rain Lid. UK.) or by using
an enclosed root bin. Basal heat was provided in the latter by a thermostatically
controlled heating element. Hormone treatment of the root initiating end of the
tuber was given by a ‘concentrated - solution- dip’ using solutions prepared in 50%,
ethanol (Hartmann and Kester, 1572).

Resulfs and Discussion

Even though root initiation started after a week, the percentage of rooted
tubers varied from 30 to 80%. Bottom heat provided in root bin maintained
at 35°C, providing a basal temperature 10°C above ambient, gave higher
percentage rooting. Hormone treatment did not improve root Iinitiation
at the levels tested (1000, 2000, 3000 ppm} for indole - butyric acid and indole-
acetic acid. Tuber maturily appears to be a critical factor determining root
initiation.

B

Paulas, . & Muthukrishnan, C. R. (1983) Studies on the effect of the position of sowing of
palmyrah, Borassus flabellifer, seeds on their germination. FAQ/DANIDA Palmyrah Werkshop,

Jaffns, Sri Lanka.

3. Kandiah,S. (1985) Au evaluation of propagation techniques for the palmyrah palm, Borassus flabellifer.
Symposium on palmyrah, Palmyrah Development Board, Jaffua, Sri Lanka.
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Fig. I (¢) shows 16 month old seedling raised from root initiated tubers
in polythene bags. These plants were found very suitable for managment under
advanced nursery practices. They were also found very suitable for transport and
remained viable up to 8§ weeks when packed in bulk in polythene bags.
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SHORT COMMUNICATION

ALCOHOL FROM PALMYRAH PALM (BORASSUS FLABELLIFER L)
FRUIT PULP

K. THEIVENDIRARAJAH ano R, KUMUTHINI CHRYSTOPHER
{Dspartment of Bofany, University of dJaffna, Jafina, Sii Lanka}

Yingnanam — Journal of Science 1: 4446 (1956)

ABSTRACT The palmyrah froit pulp which is a thick viscovs liquid cannot
be directly used for alcohol production but could be mixed with palmyrah
sap sweet toddy), another sweet suga: solution obtained from the same plant,
and fermented. By fermenting diluted sap and fruit pulp, it is possible to
economically convert most of the sugars to alechol. 5.15% V/V alcohol
was obtained from a fermenting medium of 6 paris of sweet toddy 4 parts
of water and 2 parts of fruit pulp. Mixing of ‘pinnatu’, a fruit pulp
product, with sweet toddy instead of fresh pulp also gave good retovery
of alcohol.

Introduction

The fruiting season for palmyrah is between September to December.
During this period large quantities of fruits are produced annually. Only a
small proportion of these fruits are used to extract the pulp which is used
for the preparation of ‘pinnatn’ —an edible product. Very recently Palmyrah
Development Board of Sri Lanka has started producing soft drinks, cordials
and various jams from the sweet pulp. The undiluted pulp constitutes 41%
of the total fruit and contains 16 — 17% sugar both in the form of sucrose
and invert sugar (Ratnasingam, 1967). The dried pulp referred to as ‘pinnatu’
contains 13.3% sucrose, 29.6% inveri sugar and 756% total solids (Jeganathan,
19837

This paper reports some preliminary experiments on the use of fresh
fruit pulp ‘pinnatw’ for the production of aleohol.

Experiments and Resnlfs :

Alcoholic fermentation on ‘pinnaty’ mediom:

One litre of ‘pinnatu’ medium was prepared by dissolving 100g of ‘pianaty’
in hot distilled water. The 109% ‘pinnacn’ medium was then sterilized by
anoclaving at 15 lIbsfsq. in. pressure for 15 minutes. The cooled medium
was then inoculated with Saccharomyces cerevisine (strain Py 1), a high aleohol

1 ]egara:than, M. (1983) Palmyrah froit. Workshep on palmyrak - Organized by the Food and
A gricultore Organization andD_T_Etm dlgtiil\rr.sfrlaﬁl 'D':e"-‘elgpment Board of Sri Lanks. 21--25th
o ; igitize oolaham Foundation.

February, 1983 noolaham.)cl)rg | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

December 1986 Theivendirarajah and Chrystopher: Palmyrah Fruit Alcoliol 45

fermentative veast previously isolated from Palmyrah wine (Theivendirarajah and
Chrystopher, 1984; Chrystopher, 1985). The initial yeast density was 2x108
cells/ml. The initial pH was found to be 5. The medium was allowed to ferment
for 72 hours at room temperature of 28+2 °C.

The pH dropped to 3.6 after 24 h and remained steady.  The alcoho!
conlent was determined after 48 and 72 hours of fermentation by cholliometer
method. Singe the medium contained undissolved particles, the medium was
filtered and the filtrate was analysed to dstermine the alcohol content.

Tha %, of alcohol (v/v) at the end of 48 h and 72 h of fermentation
was 1.7% and 2.19% respectively.

Increasing the amount of ‘pinnatw’ in the medium made the solution
too thick, probably due to the presence of fibres, pectin and other insoluble
carhohydrates. Thus it would not be feasible to use higher concentrations
of spinnatw’ in the medium for yeast fermentation as it could cause problems
in subsequent racking and distillation processes.

Alcoholic fermentation on ‘pinnate’ and ‘sweet toddy’ medium:

10 9, ‘pinnatu’ medium confains only about 4.5 —5% of sugar (w/v),
This sugar content is too low to be used for alcoholic fermentation. In order
to increase this amount to around 12— 15% (wfv), the level which is used in
most alcoholic fermentation processes, palmyrah sweet toddy was incorporated
into the medium.

One litre medium of ‘pinnatw’ and sweet toddy (containing 5.5% sugar
from *pinnaty’ and 6.5% sugar from palmyrah sweet toddyj was prepared and
inoculated with the Saecharomyces cerevisige {strain PY 1). The amount of
alcchol produced after 48 h and 72 h of fermentation at room temperature was
found to be 7.1% and 8.7% (v/v) respectively.

Alcoholic fermentation on palmyrah fresh fruit pulp and sweet toddy mediam:

The undiluted fruit pulp which contains 16 —179% (w/v) sugar, is a very
thick, viscous liquid that cannot be used directly as a medium for fermentation.
It was diluted with palmyrah sweet toddy and water to obtain a medium with
a- sugar content of about 10% (w/v)., The medium contained 6 parts of sweet
toddy (14% w/v sugar}, 4 parts water and 2 parts fruit pulp (16—179, w/v sugar).
This medium was incculated with the same yeast strain, PY I, and alcohol
contents of 5,1% (v/v) and 5.2% (v/v) were observed at the end of 48h and 72h
of fermentation respectively.

Discussion

The results of this preliminary study show that fresh fruit pulp and
‘pinnatu’ cannot be used as the sole source of raw material for alcoholic fer-
mentation.
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The sugar contenlt will become low and not cconamical to ferment when
a reasonable light, clear medium is prepared from fresh pulp or ‘pinnaty’ alone.
The amount of alcokol (2,19 v/v) produced from a 109 w/v ‘pinnatu’ medium
seems 1o be g reasonably good vield. Tho efficiency of conversion of sugar
to alechol is about 64%.

The results have shown that fresh fruit pulp or ‘pinunats’ could be easily
mixed with sweet toddy and used as a medium in this fermentation procass.
The recovery of 8.7% v/v alcohol from a ‘pinnatu’ — sweet toddy medium and
5.2% wfv aleohol from a fruit pulp —sweet toddy medium were good, The
mixtures had 12 w/v and 10% wiv of total sugar- contents respectively. By
diluting with sweet toddy you could utilize more of the pulp and *pinnatn’ and
thus be able to convert the sugar present in the pulp to alcohol,

The fermentzd solution is yellow in colour as opposed to the usoval
milky white appearence of ‘toddy’ and contains a lot of materials in suspsnsion.
It also imparts a strong aroma characteristic of the fruit pulp juice. (Hence
this product cannot be consumed directly like the normal toddy). However, the
alcohol can be distilled for the preparation of arrack or for other industrial
uses,

There may be problems with regard to the use of fresh pulp and sweet
toddy in a commercial production venture because these two raw  materials
are not available in sufficient quantities at the same time. The main palmyrah
sweet toddy season is few months before the fruiting season. This can be over-
come if more sweet teddy could be made available by the kaiveity method
(i.e. from matured female inflorescences), which goes along with the fruiting
seasuon. The other aliernative would be to use ‘pinnatu” instead of fresh frait
pulp. It is also possible to use the fresh pulp with coconut sweet toddy or
with sugar-cane molasses and palmyrah molasses which are byproducts of the
sugar industry,
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THE FRAME FACTOR — AN APPROACH TO
SPECIAL RELATIVITY : 4 REVIEW

M. R R. HOOLE

(Departmeni of Mathematics and Statistics, University of Jalfua, fafina, Sri Lanka)

Vingnanam — Journal of Science 1: 47--55 (1945)

ABSTRACT This paper avproaches the transformation tules for lield
quatiities in Clessical Field theory by smrting with an 'a priori’ conseivation
law concerning nunbers which amounts o the divergence thecrem in neon
relativistic physics. A framme factor is then introduced to obtain suitable
candidates for L orenfz — covariant 4 — vectors. The frame factor is determnnad
v requirements of tie particular field theory conceraed.

Inireduction

The consequences of the Special Theory of Relativity have become welil
known since the theory was first put forward by Einstein in 1905, Since that time
diiferent peopie who have thought about the theory have come up with various
ways of approaching the theory. This latter exercise is a quest for clarity - to
make the theory wmore intuitively sclf-evident, Indeed Karl Popper (1963)
has pointed out that inwition is a product of expectations, and we are
referring here fo the expeciations of a person with a basic grasp of modern
Physics. Even here an approach which ons person may find satisfying may not bz

uite satisfying to another. One may mention here the problem of instrumental-
ism (Popper, 1975). Some would demand that definition of Physical concepts
be accompanied by instrumental means of verification or measurement. While
notions such as simultaenity of events in an observer’s frame and the length of
a moving rod can be defined purely theoretically, some writers take great pains
to describe how these can in principle be verified or defined by a judicions deploy-
ment of time pieces and signalling devices. Einstien began as an instrumentaiist
and later changed his stance (Popper, 1975),

The present paper presents an approach which the author has hitherto not
come accross, We begin with an a priori intuition about space and time in the
spirit of Kant (Korner, 1974). This assumes that maiter takes the form of a
population of discrete particles. Then given a motion of pasticle matter and a
closed surface in any reference frame, the rate of decrease of population within the
surface is equal to the rate at which the population crosses the surface boundary.
(This principle cin be given a rigorous topological formaulation.) We take off
from here with the aid of Lorentzian Kinematics.
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Preliminaries :

We begin with the statement of some results from Lc!‘mi‘v’m Kimmat‘c‘;
{Panofsky & Phillips,1962). Take two observer frames S=0XYZ and X - =0'X'Y'Z
which coinside at time t=i'=0 and where X' moves with uniform velocity v alang
the x - axis of 3. Then for any event which takes place at (xy,2!) in X, the,
corresponding co-ordinate in ' are given by (x,y",z't") where X'=Y(x-vt), ¥ =¥

- - o T . “FX‘ 1“
=71 —"Y!,It"‘éz}_ (")
where Y=(I-v2/c?) ¥

The reverse transform is given by x=Y{x'+vt'),. ,E“Y(M" }
- Writing (x7,x2,x3,x4) for (x,y,z,ct) and (X” X2,x31 x41} for (x',}f z' ety

we can write these in tensor form as X' ]'.,]-:flJ and —(2)

j i = o ; . &
XJ:ng . Land M==L " can be writien in matrix form as

(Y 0 0 -3Y) (Y 00 vp

=l 0 1 o o | s M=) 0 1 0 o0 o =
1 w9 109 ] o grog’ Lty BT el
BY 0 0 1 | ey o o v |

These are derived from the two postulates of Finstien using ‘thought’ (gedanken)
experiments, The two postulates are :
L. The laws of physics have the same form when expressed in any observer
frame - that is to say they are frame invariant,
The speed of light is a constant in all frames independently of the motion of
the source,
Further consequences of the Lorentz transform are:
a) The dilation of time: If at' is the time interval batween two evenis at the
same peint (x',y',2") in ¥, the time interval At between the two events ag
it appears to an observer stationary in E is given by At=Yal=

; a 2‘% !
(L=vife2y At

2
L,

b) Contraction of leagth in the direction of motion : If L' is the length of a
rod stationary in Z' and parajlel to O'X?, the length L as it appears to ¥ i8

given by L=Y'L!=(1 —v?—,-’c-’Z)‘}L-, Length measurements perpendicular to
O'X" will remain the same.
¢) Means an abandonment of the newtonian concept of a universal time.
See Ref, ! — 4,
Tensors. The Lorentzian metric g is a bilinear form on two 4 - vectors with
g(x;;}mgIJ y-}, where g -—0 for 1], &= - 1for i»iz3 and gMzz-{-l.
Hence g(x,y)= - z1y? - x%f -—x’fyv-x“x“

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

December 1986 M. R. R. Hoole: An approach to special relativity 49

A 1-form a will as usual denote a linear function on 4 - vectors, and will be
determined by its 4 components (a,,a5.a5,0,), so that a:;x}::qixl.
We sha;ll say that a l-form B and a vector y are physically equivalent if
|
ﬁi gij& .
of y.

in standard terminology we say that p is the contravariant equivalent

A 4-vector u is said to be Lorentz—covariant if with the configuration %,
aboy c, u & u' are the vectors as they appear to observers O & O' respectively,

then ut —Lju - i, ¢, they satisfy the Lorentz transform rule. Simiiarly a 1-form

is said to be Loveniz contrafaraant if a,at satisfy a. smja

A s
] .Il 1s said to be Loreatz-convariant if T,T' as the
tensor is seen by X,%f satisfies

PPy o 1P pPe pdt b phed
th -4y et g Mq1 'Mql T.h J:(

A mixed tensor T

By the standard rules of partial differentiation we see from (1) that
a ] v ‘2 8 2 = a8 a2 3 i -

oxi (é'i}" ¢ ecti’ ’ BX? ©X2' ' oxd ex¥ * act act' ¢ ox’")
@ j [ @
Thus ——,—L‘J—a-,,, and — =M —.
i 7L g o S
ax 8% &x 8x
i : o ® i e
If X.==g.x' 1is the contravariant equivalent of x , then - =1, "
(|| ax’ Jexj
o . . k)
It follows that ax 18 Loreniz-covariant and . Lorentz-contravariant,
: ax%
3«
. y
Lemma: Let T K ; k121, bea mixed Lorentz convariant tensor.
by
i1.o;ik i-l ..,ik p
The tensor S T fm T _ -1 obtained by contraction is also
L J‘"'ji-m

Lorentz-covariant. [In particular if al, bi are Lorentz covariant and conira-
variant respectively, then albi i8 invariant.

Proof: We prove that albi=al'bi'.

il ijk__ikj#k ST
a b (Lja WM by} = LjMi a’'by JE bk since Me=L™! = & bj
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In particular if ds = dx' denotes a space-time increment,
ds? = dx'dx ; is invariant.

If x; represent the space-time co-ordinates of a particle moving with velocity v and
dt, represents a time increment in the frame of the particle then

dt2 wm(l - v2/c2)™ dtd.

The laws of Physics

From the foregoing discussion and Einstien’s first postulate it is a fair
surmise that the laws of Physics take the form of identities of the form
,
T k _o , where T is a Lorentz covariant tensor in space-time, for it follows
j"""l
from (4) that T=0 if and only if T'=0.

The generalised conservation principle :
In this section we shall assume that matter is composed of almost infinite.
simally small discrete particles as is the practice in Chemistry. In a flow of matter,

we shall denote by 1(x" ) the flow (rate) at x'. That is at x' { 7| is the number of
particles per second crossing a unit area nomal to 7. Let ¢ denote the population
density of matter.

Taking a small stationary volume v bounded by surface S, the rate of
increase of population inside v = - the rate at which the population crosses S.

Hence , f nds -i-'o—et f é dv=0. Dividing by | v | the volume of v and

Y
making | v | — 0, we have \?-’ﬂ+§—? =0 in any frame — (5).
We now introduce the notion of the measure of a particle. What we mean
by measure depends on the case of interest. In Electrodynamics for instance
measure may refer to the charge carried by the particle. In particle dynamics

measure may refer to mass.

By Einstein’s first postulate physical properties of a particle in a refercnce
frame are independent of the origin and orientation. Thus measure of a particle
in particular is a function of the scalar parameters of motion of the particle. If
U is the velocity of the particle the measure will be a function of terms such a
U, U], UU ,|U]|, etc. We observe from equation (8) where the
m:asure oceurs ﬂéxplicitiy and from the fact that the Lorentz transform between
two frames contains only the instantaneous relative velocity between the two
frames, that we may eliminate from measure all terms except I}_J . Wethus
write f(U) for the measure of a particle, Here U= [ U |.
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Let p refer to the measure density in the given frame. Then p=f(U)d and

N= *’50"—”{(_‘)”[]) U . Put J=pU=rate of flow measure. Thus 7= F'(Jm
J g 8 B . )
Subtituting in (5) we havev* ) ) 5% R0y~ =0 (6).
We shall call f(U) the frame factor. Thus (6) represents a generalised conservation

principle valid in any frame. '
Now define a 4-vector J' by (37, 12,35, J%) —(-
e.!i
Thus (6) becomes — =0 =il
ax!

f(U) f(U”))

We have seen that 'Ei ﬁLgri,

ox GXJ

(7) becomes LJ 5 Il w 1
o ad
=2 3" as(7)is frame independent
: ;
]
3! can be any 4-vector field with restriction 8J ’.=0. By writing the transformation
GXJ
3 ' it
V' to 3" in the form ' =F,(J1, J2, J2, J%) where functions E ji=1l, .4 are inde-
pendent of J and noting that Jl' —d as v— 0, we see without much difficulty
that _
J":L‘P 3P —®
[ See Appendix 1]
It follows that J'is Lorentz-covariant.
In standard texts this same results is obtained by starting with the Lorentz-
i :
covariant 4.velocity g—:, where czds2zdxldxi. See [11.
This frame factor f(U) is now determined by the Physical requirements of the
case under consideration. We shall consider two cases.

Case 1. Dynamics (Landau and Lifshitz, 1976; Kompaneyets, 19¢1) :

The motion of a particle, as a gcneralxsataon of physical experience, is
governed by the principle of least action.

Action S on a particle is an integral with respect to time, and this has the
|2

form S=[ Ldt , where L is the Lagrangian. For a particle moving freely, this
t 1
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integral must not depend on our choice of a reference system and must be invariant
under Lorentz transformation.

b
The only integral of this kind has the form S= -a ds.
a
t2 P
Thus S= - e {1 _ET)dt’ Henge L= - « V(- v2/c2)
& .
We define the mass of a free particie to be :‘(1;_2} =1 ;(1 —S),' 2 =1,

For v=0,we obtain the rest mass m, =-§§-2. .

Thus m=m_ (1 - v2/c?) % and Ev—)':(l - vﬁgc?-}m%
fi0) SR i
At this point we note that our present definition of mass has come a long
way from the insteumental concept using a spring balance. The definition here is a
matter of chioce. In further development of covariant laws of mechanics it will
be seen that our coucept of mass preserves some of the Newtonian properties while
carrying additional ramifications such as identification of mass with energy.

Case 2. Electrodynamics ¢

If we postulate that the electric charge of a particle is independent of its
niotion — i. . invariant, this makes f a constant function.

Thus {EI: J, p) where J is the current density and p the charge density becomes
a Lorentz-covariant 4 --vector,
" 8,5 AL i i 1
Alternatively we may start with the axiom o =0 where J :(--é J.p)

0 v d+2P 0= v I U Zp/fU) = e
Then wdtgy =0=v HRUY /MUl s

a, 1
"l“Pgt‘(‘——')-

3199y fo.
(Rl E oy fi0)

I
F0)
This tells us that f(U) is constant,

Nefe: We see thut the measurements of mass and electric charge follow two
different rules. This choice as has been pointed out is up to a point
arbitrary. One consideration important in this choice is to try and maintain
the equations of Physics in their pre-relativistio forms.

The standard procedure followed in obtaining relativistic cquations of
Physics, as was pointed out at the end of sgetion 1 is to extend the classical
equations of Pbysics so that the result becomes an equality between Lorentz-
covariant tensors. Thus the Newfonian laws of conservation of momentum and
conservation of mass before and after a collision take the form

=P — (9.
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p'! here denotes the covariant 4 momeatum (cmu, mc?), The three momentum
still retains the classical form mu except that the mass m is now not constant and
has the form m=m,(! - u2/c?) ~ 2

p,4=p,% modifies the conservation of mass into a law of conservation of
energy.

We see in the appendix that the postulate of taking charge to be invariant
leads to Maxwell’s equations in their pre-relativistic form

As far as physical reality in concerned, cur Mathematical efforts are in part
inspired fiction, We may never be certain that these are in fact true of reality.
Testing them means devising experiments in an attempt to falsify them. If they
defy attempts at falsification we may treat them as working conjectures.

It is worth pointing out that our noticns of mass and electric charge have
gone beyond simple instrumental definitions, To find such now may have to be
both complicated and indirect, Sece (Popper, 1975),
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Appendix 2

From equation (7) in the main paper we have
gl 5 ~
2 H=0=25 o) -

8x ax
We also have ' — i' as u — 0 and J'isa vector field with the only restriction

i
al .
that —;=0 in any frame.

ox
v Tignly
We prove from this that ' :Lii i -(3)
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i

We first prove a lemma from which the result will easily follow.
: i
lLemma: Let J' be any 4-vector field with the restriction aJ. = 0,

[.et i~ i 4 bea set of functions dependent on u but independent of Jl
such that - al‘ “ J J ’J )z(},and
aXi
™ i i .
F(J1,J2,02,J4y=1. Then F(J',.J4%) =] for all u.
w0
F a]j
Proof: We haveTJ —Xl_-O.
' 3 i
3 A
Putting g R L. w1,

aXs i=1 oXi

3 eF‘i a4 aJi al:‘i eJ:"

G s TR — =0 -—(3)
i=1 @J 8J4 ax l=l=_| <~)JJ oX' ]
]
Since (3) does not contain ﬂ , the guantities _; occurring in (3) can be con-
oX*
sidered independent of each other,
This leaves the only po_ssibi]ity.
F
"1 =0 forixj and EE i for all i, j.
v all ]
al el

Th s we have F' = aJ' + B fesl .o

E;i:o Fi(J',..., Iy = Ji gives us a=1 and Bi={}_ i=1,.4.

(2) easily follows from the lemma.

This is seen from the fact that J are funcnons of J J (depgndmg also on u).
We ma.y thus write L JJ P (J' ’ J ) Then use (1) and the Lemma to deduce
that ' = =L iy,

The ddvantage of the method given bere is that in secking out Lorentz covariant
4-vectors we may not always have directly available some related covariant 4.vector
on which we can build—as the covariant 4 velocity %’-;! in the ease of particle
motion.
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We give an application for the case of the retarded definitions of A' in Electro-
dvnamics. Here (cA.t#):Al.

We hach{l‘ t)—”“—f (r t«-ix—r 1) dv %_(; L(vj@)z .
™ . aXl1 e ot
lr r‘il

Here Ji = (E]’ P) the Lorentz-covariant 4-current.

Putting ' =1 + 8, Al(_r, f) ;:‘TJ‘:IEB f Jl{_{ T 8,1~ sk dy?
v 8

1
- Ay Lol
Hence ¢ (V A Fe2 51 exl ’t)m'%:&:ifaxl(fr + 8, t-sfc)

v s

J“l(v ]-I-Bp (r + 8,1 ~s/c)

i dv' = 0.

- 4?:60

"~ Now J are independent exeept for the restriction e]
_ ox!
We may then suppose A1 to be independent except for the corresponding

restriction aA
—; == 0.
ax

An application of Lemma 1 tells us that Al o (cA,Z)) is Lorentz-convariant.

Received for publication 30 Septemper 195%
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VINGNANAM -~ JOURNAL OF SCIENCE

Iustructions to Contributors

GEMERAL

Submission of a manuscript to the editor involves the assurance that it is
orginal and that no similar paper, other than an abstract, has been or will be
sumitted for publication elsewhere without the consent of the Editorial Board.

Research papers from original investigations and reviews which are criti.
cal evaluations of existing knowledge in a specialised ficld are accepted for
editorial consideration. Short communications of sufficient importance to merit
publication in advance of a full paper are also accepted by the journal.

The language of publication is English, A translation of the abstract in
Swabasha shenld be submitted with the mansuscript, Every paper will be referred
to at Ieast one referee familiar with the field of research covered by the paper, who
will be nominated by the Editorial Board. Papers are edited to increase clarity
aud ease of communication.

PREPARATION OF MANUSCRIPTS

No restriction is laid on the length of the manuseript, provided it is written

clearly and concisely, All unnecessary descriptions, figures and tables musit ba
eliminated, The impersonal form should be used ia the taxt,

The style of setting out, sub-division of text and lay out of tables in the
manuscripts should in general be organised in the form adopted in this issus.

Manuseripts should be submitied in triplicate including the original typewritten
copy, typed throughout in double spacing on one sids of the paper only. Adequare
margins 4 cm) shounld be left with liberal spacing at the top and bottom of each
page. The typescripi should be free of corrections.

Each page of the manuscript should be numbered in the upper right hand
corner of the page. The last page should contain (a)ya note as to the number of
manscript pages, figures and tables, (b) proposed running title of not more than
four words and (c) the name and mailing address of the person to whom the proofs
should be sent.

ILLUSTRATIONS

All illustrations are considered as figures and each graph, drawing or photo-
graph should be numbered in sequence with Arabic numerals. Authors must submit
the original and two duplicates of each figure. Figures should be planned to fit the
proportions of the printed page. The maximum space available on a page is 140 x

190mn:.
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Figures must be drawn in Indian ink on plain white paper or board tracing
paper, not larger than twice the linear dimensions desired. Drawings should be
lettered with & lettering set; lettering should be kept large enough to be clearly
legible after a reduction of 50 to 609; if this not possible all letters and numerals
must be inserted clearly and lightly in blue pencil and not in ink. Wherever pose
sible small figures should be grouped to fill a page.

Each figure should carry a legend so written that the general meaning of each
illustration can be understood without reference to the text. The amount of
lettering on drawing should be reduced as far as possible by transferring it to
the legend, Figure legends should be typed on a separate sheet and placed
at the end of the manuscript.

Graphs should be plotted on white or bluelined graph paper or tracing
cloth; grid lines that are to be shown in the engraving should be inked in black.
The caption of each axis should be lettersd parallel to its axis. Each figure
should be identified in the margin with figure number. The preferred position
of all illustrations should be indicated in pencil in the manuseript.

PHOTOGRAPHS

Good glossy prints with sharp contrasts  between black and white areas
should accompany the manuscripts, The size should be such that when the print
is reduced to the normal size for reproduction (140 x 190 mm maximum) the
detail is still clear, Magnification should be indicated with a scale line on the
photograph. Figure number should be given on the back of each photograph.

TARLES

Tables should not repeat data which are available elsewhere in the paper.
Fach table should be typed on a separate sheet with due regard for the propor-
tions of the printed page. They should be numbered consecutively with Arabic
numerals. Tabulated matter should be clearly set outand the number of columns
in each table kept as low as possible. Tables should have legends which make
their gencral meaning clear without reference of the text and all table columns
should have explanatory headings. Units of measure should be indicated if
parentheses in the heading of each column. Vertical lines should not bo used and
horizontal rules used only in the heading and at the bottom. Footnotes to the
tables are to be placed directly below the table, Each table should carry on
the back of the sheet the author’s name and figure number, The preferted position
of tables should be indicated in pencil in the manuscript.

b

REFERENCES

All references to publications made in the text should be presented in a list of
references following afier the text of the manuscripts  The manuseripts should be
carefully checked to ensure that the spelling of authors names and dates are exactly
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the same in the text as in the reference list. In the text refer to the author’s name
(without initial) and year of publication, followed, if necessary, by a short re-
ference to appropriate pages. E.g. “Since Peterson (1967) has shown that, .."”
“This is in agreement with results obtained later (Kramer, 1969, pp. 12-16)". If
reference is made in the text to publications written by more than two authors,
the name of the first author should be used, followed by “* e¢r @l.”. This indica-
tion, however, should never be used in the list of references, where the name of
authors and co-authors should be mentioned instead. The list of references should
be arranged alphabetically on authors names, and chronologically per author. If an
author’s nams in the list is also mentioned with co-authors, the following order
should be used. Publications of the single author, arranged according to pub-
Heation dates, publications of the same author with one co-author and publica-
tions of the author with more than one co-author. Use the following system:

JOURNAL

Selman, I, W. & Kulasegaram, S. (1967). Development of the stem tuber in
Kohleabi. Journal of Experi nental Botany, 18, 471 - 430, Journal name should
not be abbreviated.

BOOK
Slatyer, R. O. (1967) Plant Water Relationships. Academic Press, London. 366 pp.

SECTIONS OF BOOK

Skoog, F. & Miller, C.0. (1957) Chemical regulation of growth and organ
formation in plant tissue cultured in Vitro. pp. 118~ 131. In Sympoesia for the
Society of Experimental Biology XI. !he Biological action of growih substances
University Press, Cambridge.

In referring to a personal commuaication the two words are followad by the
year, e.g. (J. McNary, personal communication, 1958).

CROSS-REFERENCES

The cross reference cannot be finally inserted until the page proof is available,
Type them: ** see pige 300" In the margin pencil the page number of the cross
reference in the manuscript.

FORMULAE

Formulae should be typewritten, if possible, lsaving ample space around the
formulae. Subscripts and superscripts should be set off clearly. Greek letters and:
other non-Latin or handwritten symhols should be explained in the margin when
they are first used. Take special care to clearly show the difference between zero
(O) and the letter O, and between one (1) and the letter 1. Give the meaniog of
all symbols immediately after the equation in which they are first used. For
simple fractions use the. solidus (/) instead of a horizontal line,
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'é‘p
g.g2 ]P/zm rather than — ,

m

Parentheses and square brackets are preferred in formulae. Accolades should be
used only when they are absolutely nscessary. Equations should be numbered
serially in the right-hand side and in parentheses only equations explicity referred
to in the text need in general be numbered, The use of fractional powers instead
of root signs is recommended Also power of e are often more conveniently de-

noted by exp. In the chemical formulae, valence of ions should be given as
2+ 2~ 4 - -

¢g. Ca and CO, notas Ca or CO3, Isotope numbers should precede

the symbols, e.g. "8q. Use of superscripts added to superscripts and supscripts
added 10 supscripts should be avoided, if possible.

SHORT COMMUNICATION

The journal may include a limited number of shoit communications.
Authors should submit short communications only when they believe that rapid
publication of their result is of the utmost importance. A short communication

must 1ot exceed 1200 words, should be complete in its own right and suitable for.

citation,
PROOFS

Corrected  galley proofs must be returned to the editor without delay.
Faillure to do so will result in delay in publication. Correction of proofs
by authors must be restricted to the printer’s and similar errors. They should be
marked in pencil. Any modification of the original text is to be avoided. Res-
ponsibility for correcting proofs rests entirely on the authors though editorial as-
sistance will be provided.

REPRINTS

Twenty reprints will be supplied free of charge for each article. Additional re-
prints can be ordered on the reprint order form which will accompany the proofs.
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